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1. Introduction
The objective of this email discussion is to collect the views of companies on sPUCCH format design. A list of questions are raised to address the sPUCCH related issues including sPUCCH format design, sPUCCH format selection, sPUCCH resource management, HARQ-ACK bundling and SR transmission, etc. 
In the RAN1 #90 meeting, the following agreements related to sPUCCH design were achieved.  
Agreement:
· Channel coding for 7-symbol sPUCCH
· Up to 11 bits: Single RM coding
· 12-22: Dual RM
· More than 22 bits: TBCC+8bit-CRC
Agreement:
· For 2/3-OS sPUCCH format carrying up to 2 bits ACK/NACK,one of four sPUCCH resource groups configured by higher layer is indicated by a 2-bit field in sDCI1. Each group contains 2 or 4 sPUCCH resources (depending on the expected number of HARQ-ACK bits) configured by higher layer.

Agreement:
· When positive SR and HARQ-ACK are to be transmitted on 1-slot sPUCCH in the same sTTI,

· For sPUCCH format carrying up to 2 bits HARQ-ACK , HARQ-ACK is transmitted on sPUCCH resource for SR;

· For sPUCCH format carrying more than 2 bits HARQ-ACK, SRand HARQ-ACK aretransmitted on sPUCCH resource for HARQ-ACK.
· When there is negative SR:

· For sPUCCH format carrying up to 2 bits HARQ-ACK , HARQ-ACK is transmitted on sPUCCH resource for HARQ-ACK;

· For sPUCCH format carrying more than 2 bits HARQ-ACK, SRand HARQ aretransmitted on sPUCCH resource for HARQ-ACK.
Agreement:
· When positive SR and 1-bit HARQ-ACK are to be transmitted on 2/3-symbol sPUCCH in the same sTTI, one of the options can be supported:

· Two sPUCCH resources are configured for SR+HARQ and two sPUCCH resources are configured for only HARQ.
For your reference, the supported sPUCCH formats are summarized in Table 1~5, which are based on the agreements achieved in the previous meetings [1][2]. 
Table 1 PF1a/1b-based 7-OS sPUCCH format carrying up to 2 bits ACK/NACK and SR (if any)
	PF1a/1b-based 7-OS sPUCCH format

	DMRS sequence
	Reuse legacy DMRS sequence for PUCCH

	Intra-sTTI hopping
	Non-hopping and hopping

	DMRS pattern
	No hopping: Reuse DMRS pattern of PUCCH format 1/1a/1b 

Hopping:{D R D | D R R D} for the first slot, {D R R D | D R D} for the second slot
Note: OCC is not applied across hopping boundary

	Number of RBs for PUCCH resource
	1 RB


Table 2 PF3-based 7-OS sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any)
	PF3-based 7-OS sPUCCH format

	Modulation
	QPSK

	DMRS sequence
	Reuse DMRS sequence for PUCCH format 3

	Intra-sTTI hopping
	Non-hopping

	DMRS pattern and OCC
	Non-hopping: Reuse DMRS pattern of PUCCH format 3 and OCC

	Number of RBs for PUCCH resource
	1 RB


Table 3 PF4-based 7-OS sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any)
	PF4-based 7-OS sPUCCH format

	Modulation
	QPSK

	DMRS sequence
	Reuse legacy DMRS sequence for PUCCH

	Intra-sTTI hopping
	Hopping

	DMRS pattern
	{D R D | D D R D} for the first slot, {D R D D | D R D} for the second slot
Note that the bar | indicates a hopping boundary.

	Number of RBs for PUCCH resource
	1 to 8 RBs


Table 4 Sequence based 2/3-OS sPUCCH format carrying up to 2 bits ACK/NACK

	Sequence based 2/3-OS sPUCCH format

	Modulation
	ACK/NACK information map to different sPUCCH resource

NOTE: sPUCCH resource consist of RB index and cyclic shift

	Cyclic shift randomization
	The cyclic shifts on different sPUCCH symbols can be different due to cyclic shift randomization. 

Cyclic shift randomization is re-used from 1 ms operation to support multiplexing with legacy PUCCH.

	Intra-sTTI hopping
	Hopping
Hopping pattern for 3-OS sPUCCH (i.e., sTTI#0 and sTTI#5) is {1|2} where | is a hopping boundary.

	Number of RBs for PUCCH resource
	1 RB


Table 5 PF4-based 2/3-OS sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any).
	PF4-based 2/3-OS sPUCCH format

	Modulation
	QPSK

	DMRS sequence
	Reuse legacy DMRS sequence generation
One UL DMRS symbol

The DMRS is in the first symbol for 2/3OS sPUCCH

	Data symbol 
	No sequence spreading on data symbol(s)

	Intra-sTTI hopping
	Non-hopping 

	Mapping in the frequency domain
	FFS on whether IFDMA is used

	Number of RBs for PUCCH resource
	1 to X RBs, FFS X.


A list of observations and/or proposals are given based on the inputs by different companies. 

2. HARQ-ACK bundling 
Q1: Which option is supported for HARQ-ACK bundling across DL sTTI when configured with {2,7} sTTI operation? Please provide the reason(s) for your choice.
· Option 1: Apply HARQ-ACK bundling across DL sTTI within one slot. 
· Option 2: No HARQ-ACK bundling.
· Option 3: Configurable between Option 1 and Option 2.  
· Option 4: None of the above (please provide your detailed proposal if you choose this option).

	Company
	Views

	Ericsson
	Slight preference for option 2. Option 1 would be fine but would require DAI functionality.

	ZTE, Sanechips
	Slight prefer Option 2. 

To solve the missing detection of PDCCH, DAI bits need to be introduced for Option1, while a fixed codebook size can be adopted for Option 2.

	Nokia, Nokia Shanghai Bell
	Option 2: if only 1-CW transmission is supported, the overhead is manageable.

	Samsung
	Option 2

	Qualcomm
	For the {2,7} combination, we prefer Option 1 which allows for HARQ ACK/NAK bundling in both time and frequency domains. (Note that we assume that only 1CW per transmission is supported.) The reason for this is that the {2,7} combination was first introduced to enhance the UL coverage. If the payload size increases as the UL TTI lengths increases, the coverage gain cannot be realized. Hence, to benefit from this combination, HARQ ACK/NAK bundling should be supported.

	Huawei, HiSilicon
	The reason for introducing {2,7} is that 1-slot sPUCCH provides better performance to guarantee large UL coverage. Note that the uplink coverage is the bottleneck for the coverage of sTTI operation. With HARQ-ACK bundling for {2, 7}, the uplink coverage can be enhanced compared to 2/3-symbol sPUCCH. Therefore, considering the performance of sTTI, we prefer option 1.

	LGE
	Option 2 under the assumption that the working assumption on 1-CW sPDSCH transmission is confirmed. Considering 32 carriers, the payload size for a 7-OS sPUCCH transmission will be at most 96 (32*3) + 32 (in case 1ms PUCCH is collided in the same subframe with 32 bundled HARQ-ACK bits for PDSCHs), which are likely to be accommodated by PF4-based 7-OS sPUCCH with multiple RBs. 

	Intel 
	Opt.2. 


11 companies provided inputs to Q1. Based on the inputs, 
· 8 companies support option 2: No HARQ-ACK bundling across DL sTTI within one slot. 3 out of the 8 companies support option 2 under the assumption that the working assumption on 1-CW sPDSCH transmission is confirmed.   
· 3 companies support option 1: Apply HARQ-ACK bundling across DL sTTI within one slot. The main reason on supporting option 1 is that they think option 1 can achieve better UL coverage. 

Based on the majority of views, it is proposed to move forward with the following proposal:
Proposal 1: HARQ-ACK bundling across DL sTTI is not supported when configured with {2,7} sTTI operation. 

Q2: If you think two code-words for sPDSCH should be supported, which option is supported for HARQ-ACK bundling for two code-words of sPDSCH in spatial domain? Please provide the reason(s) for your choice. If you prefer that only a single codeword is used for sPDSCH, you can skip this question. 
· Option 1: Apply spatial bundling for HARQ-ACK. 
· Option 2: No spatial bundling.
· Option 3: Configurable between Option 1 and Option 2.  
· Option 4: None of the above (please provide your detailed proposal if you choose this option).

	Company
	Views

	ZTE, Sanechips
	Option 3. 

Firstly, we slightly prefer to support two code-words for sPDSCH at least for 7-symbol sTTI. Considering it was agreed to support maximum 32 carriers, then it seems reasonable to support the same payload by using 2 codewords when the number of carrers is less than 32. UL coverage is also not the concern if spatial bundling is used. 

Then, if two codewords are supported for sPDSCH, spatial bundling can be configured like the parameter spatialBundlingPUCCH in legacy LTE.

	Huawei, HiSilicon
	In single carrier scenario, option 2 is preferred. Since if spatial bundling is applied, the performance benefits of two codewords over single codeword cannot be achieved. In CA and/or TDD scenario, considering the large payload of HARQ-ACK bits, spatial bundling can be considered to reduce overhead and increase uplink coverage.


4 companies provided inputs to Q2. Based on the inputs, 
· 2 companies support option 2: No spatial bundling for HARQ-ACK if two codewords of sPDSCH is supported. 

· 2 companies support option 3: Whether to apply spatial bundling for HARQ-ACK of sPDSCH is configurable.
Given the majority of companies supporting only one codeword for sPDSCH, it seems no need to discuss the spatial bundling issue for sPDSCH in this email discussion. Therefore, we have the following observation: 

Observation 1: The majority of companies assume that only one codeword sPDSCH is supported, it seems no need to discuss the spatial bundling issue for sPDSCH in this email discussion.

Q3: In case of collision of sPUCCH and 1ms PUCCH/PUSCH, which option is supported for HARQ-ACK bundling between the HARQ-ACK of sTTI and the HARQ-ACK of 1ms TTI? Please provide the reason(s) for your choice. 
· Option 1: Apply HARQ-ACK bundling across different TTI lengths. 
· Option 2: No HARQ-ACK bundling across different TTI lengths. 
· Option 3: Configurable between Option 1 and Option 2.   
· Option 4: None of the above. 
Please provide your detailed proposal if you choose Option 1, Option 3 and Option 4.
	Company
	Views

	Ericsson
	Option 2. This seems unnecessarily complex to bundle across TTI lengths and it should be possible to consider bundling separately for each (s)TTI length, in particular it should be performed for 1ms TTI in our view.

	ZTE, Sanechips
	As awsered in Q18, Option 1 is only adopted in case 2 bits HARQ-ACK, where 1-bit HARQ-ACK is for sPDSCH and 1-bit HARQ-ACK is piggybacked from 1ms PUCCH, are to be transmitted using sequence-based sPUCCH in SR subframes. In this case, HARQ-ACK bundling across different TTI lengths can be regarded as a default operation, i.e., no need to configure by RRC signaling.   

Otherwise, no HARQ-ACK bundling across different TTI lengths is needed. 

	Nokia, Nokia Shanghai Bell
	Option 2: one cannot assume correlation between BLER of different sTTI lengths, hence, significant losses would be likely with Option 1

	Samsung
	Option 2

	Qualcomm
	Our preference is Option 2.

	Huawei, HiSilicon
	Option 2. As for a certain UE, 1ms PDSCH and sPDSCH are targeted at different traffic and may have different performance requirement, so it is not reasonable to bundle between them.

	LGE
	Option 2. We do not see much benefits from cross-TTI-length bundling. This may induce unnecessary latency on low-latency traffic in case HARQ-ACK for sPDSCH is ACK while HARQ-ACK for PDSCH is NACK. 

	Intel 
	Option 2 to avoid impacts on sPDSCH performance.  


11 companies provided inputs to Q3. Based on the inputs, 
· 9 companies support option 2: No HARQ-ACK bundling across different TTI lengths. Reasons not supporting option 1 include no benefits are indentified, significant performance loss on sPDSCH, additional latency introduced to sPDSCH.  
· 2 companies think option 1 can be supported in one case. That is 2 bits HARQ-ACK, where 1-bit HARQ-ACK is for sPDSCH and 1-bit HARQ-ACK is piggybacked from 1ms PUCCH, are to be transmitted using sequence-based sPUCCH in SR subframes. In this case, HARQ-ACK bundling across different TTI lengths can be regarded as a default operation. Otherwise, no HARQ-ACK bundling across different TTI lengths is needed. 

Based on the majority of views, we have the following proposal:
Proposal 2: HARQ-ACK bundling across different TTI lengths is not supported. 
3. Remaining issues on detailed sPUCCH format design
Q4: Define the maximum payload size as X for PF3-based 7-OS sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any). Which option is supported for the value of X? Please provide the reason(s) for your choice.
· Option 1: X = 11.  
· Option 2: X = 22.  
· Option 3: None of the above (please provide your detailed proposal if you choose this option). 

	Company
	Views

	Ericsson
	Option 1. Simulations below show that RM and OCC no FH (sPF3) is inferior to sPF4 using RM and hopping. At 11 payload bits the difference is 4 dB. Still PF3 is superior in terms of multiplexing where 5 UEs can be multiplexed, while with a sPF4-based format there is no simultaneous multiplexing on the same physical resources. For further details on when the different formats are applicable, see answer to Q8.
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	ZTE, Sanechips
	Option 1. 

It has been agreed to use only one PRB for PF3-based 7-OS sPUCCH, and time domain OCC is also applied in each slot. Then only 12 REs can be used to carry 12 QPSK symbols, i.e., totally 24 coded bits. This means the coding rate would range from 12/24 ~ 22/24 if using PF3-based 7-OS sPUCCH for UCI of 12-22 bits. Given the high coding rate, we prefer to apply PF3-based 7-OS sPUCCH only for UCI up to 11 bits. 

As for the detailed design of Option1, one way is to puncture the output of single RM (32,11) to 24 coded bits by reusing the procedure applied for dual RM in legacy PUCCH format 3.

	Nokia, Nokia Shanghai Bell
	Option 1, i.e. half of that of 1-ms F3 

	Samsung
	Option 1

	Qualcomm
	Since it has been agreed to not allow for hopping under the 1-slot sPUCCH format 3, a 1-slot sPUCCH should be able to deliver as many bits as half of the legacy PUCCH fromat 3. Hence, we prefer Option 1.

	Huawei, HiSilicon
	Slightly prefer option 2. Although the PF3-based 1-slot sPUCCH is half of legacy PUCCH, however, with multiplexing UEs with good channel state, the large payload size up to 22 bits can still be supported such that the benefits of multiplexing and sPUCCH overhead reduction can be achieved.

	LGE
	Option 1. Since non-hopping is supported for PF3-based 7-OS sPUCCH, the maximum payload size needs to be reduced in half. 

	Intel
	Option 1.  


11 companies provided inputs to Q4. Based on the inputs, 
· 9 companies support option 1: the maximum payload size is X =11 for PF3-based 7-OS sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any).  
· 2 companies support option 2. The reason is that, with multiplexing UEs with good channel state, the large payload size up to 22 bits can still be supported such that the benefits of multiplexing and sPUCCH overhead reduction can be achieved. 

Based on the majority of views, we have the following proposal:
Proposal 3: The maximum payload size is X =11 for PF3-based 7-OS sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any).

Q5: For PF4-based 2-OS sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any), which option is supported for the channel coding scheme? Please provide the reason(s) for your choice.
· Option 1: 
· Up to 11 bits: Single RM coding

· 12-22: Dual RM

· More than 22 bits: TBCC+8bit-CRC

· Option 2: 
· Up to 11 bits: Single RM coding

· More than 11bits: TBCC+8bit-CRC

· Option 3: 
· Up to 11 bits: Single RM coding

· 12-22: Dual RM

· Option 4: None of the above (please provide your detailed proposal if you choose this option).

	Company
	Views

	Ericsson
	As shown in our evaluation in [4] the coding gain from TBCC is not superior compared to RM for payload size up to 22 bits. Hence, Option 1 should be adopted.
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	ZTE, Sanechips
	Option 1. 

The legacy channel coding scheme targeting for different range of UCI bits can be reused. Therefore, Option 1 is preferred.  

	Nokia, Nokia Shanghai Bell
	Option 1

	Samsung
	Option 1

	Qualcomm
	Option 1 which agrees with the legacy LTE approach.

	Huawei, HiSilicon
	Option 1 or option 3. Whether option 1 or 3 is adopted depends on the allowed maximum aggregated CCs. 

	LGE
	Option 1

	Intel
	Option 1 due to the performance difference as discussed in previous releases. 


11 companies provided inputs to Q5. Based on the inputs, 
· 9 companies support option 1.  
· 2 companies support option 1 or option 3, and whether option 1 or 3 is adopted depends on the allowed maximum aggregated CCs.

Based on the majority of views, we have the following proposal:
Proposal 4: The channel coding scheme for PF4-based 2-OS sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any) is defined as:

· Up to 11 bits: Single RM coding

· 12-22: Dual RM

· More than 22 bits: TBCC+8bit-CRC

Q6: For PF4-based 2-OS sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any), should the maximum number of PRBs be 8? Please provide the reason(s) for your answer. 

	Company
	Views

	Ericsson
	Yes, 8. This is primarily for simplicity and aligning with 1ms and 7os format. The number of coded bits are then 196 (8*2*12) and could carry something like 120 bits of payload with a decent code rate ((0.65). This should safely accommodate 32 carriers on sTTI (single CW) + additional 1 ms HARQ (at least w/ spatial bundling) + additional CSI (if supported). We are also fine with a smaller number of RBs.

	ZTE, Sanechips
	Yes.  

Even considering the case with maximum 32 carrers on sTTI (two codewords) + 32 1ms HARQ-ACK bits + 1bit SR + 8 bits CRC, the number of coded bits are 32*2+32+8 +1 =105 bits. It seems 8 PRBs with totally 192 coded bits are enough (code rate ( 0.5). 

	Nokia, Nokia Shanghai Bell
	A maximum of 8 PRBS is ok

	Samsung
	8 PRBs is fine as the maximum.

	Qualcomm
	Assuming 1CW per transmission, the total number of bits delivered by a 2-symbol sPUCCH is at most 32bits (sTTI HARQ ACK/NAK) + 32bits (1ms HARQ ACK/NAK with spatial bundling) + 1bit SRS + 8bits CRC = 73 coded bits. Even considering an IFDMA sPUCCH format with 2 combs, the achievable coding rate is about 0.75 (in the worst case). Hence, setting the maximum number of RBs to 8 seems to be fine.

	Huawei, HiSilicon
	Yes, 8. Similar views that 8 PRBs are enough.

	LGE
	Note that one DMRS symbol is contained within each sTTI for PF4-based 2-OS sPUCCH format carrying more than 2 bits. So, the available number of REs for 2-OS sTTI (12*1*number of RBs) is half of that for 3-OS sTTI (12*2*number of RBs) and consequently the code rate for 2-OS sPUCCH is also twice of that for 3-OS sPUCCH. If we consider 8 RB, the code rate is about 0.67 (=64/96) for 2-OS sTTI to accommodate HARQ-ACK for sPDSCH on 32 carriers with additional HARQ-ACK for PDSCH with spatial bundling, which may be quite high code rate. Moreover, if sTTI CSI feedback is to be supported, then more payload is expected, which results in higher code rate. 

In this sense, we prefer 16 as the maximum number of RBs for 2/3-OS sPUCCH. Alternatively, some value greater than 8 is also fine to us. Furthermore, the number of RBs for 2-OS and 3-OS sTTI can be separately configured in order to reduce resource reservation for 3-OS sTTI.

	Intel 
	Yes. 


11 companies provided inputs to Q6. Based on the inputs, 
· 10 companies support the maximum number of PRBs is 8 for PF4-based 2-OS sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any).  

· 1 company prefers 16 as the maximum number of RBs for 2/3-OS sPUCCH. Alternatively, they are also fine for some value greater than 8.
Based on the majority of views, we have the following proposal:
Proposal 5: The maximum number of PRBs is 8 for PF4-based 2-OS sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any).

Q7: For PF4-based 2-OS sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any), should IFDMA be supported or not? Please provide the reason(s) for your answer. 

	Company
	Views

	Ericsson
	IFDMA should not be supported. We believe a simple design should be taken, i.e. a shortened version of today’s format 4. We would also like to encourage companies supporting an IFDMA based format to detail the format. Since the design needs to be settled at the upcoming meeting it is not only a question of IFDMA or not.

	ZTE, Sanechips
	Support IFDMA. 

As given in [5], we have already presented our detailed IFDMA design for RS symbol which also attached bellow. 50% more Res can be used to carry HARQ-ACK in the RS symbol, which may theoretically result in better performance due to lower coding rate.
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As the simulation results shown in [5], the proposed structure can offer a similar PAPR but 1.8Db performance gain compared to the structure based on legacy PUCCH format 4. 

	Nokia, Nokia Shanghai Bell
	Agree with Ericsson, No need for IFDMA

	Samsung
	No. We can just reuse the basic design of PF4 in current LTE.

	Qualcomm
	Yes, the IFDMA based Spucch should be supported. The design is completely the same as the Spucch format with one interlace (no IFDMA) and, more importantly, does not entail any implementation complexity. 

To clarify, as an example, consider a 2-symbol Spucch with 8 RBs. Further, consider two combs per symbol (i.e., the DMRS and the data symbols.) For a given UE, 48 REs are available per symbol. Hence, a length-48 DMRS sequence is sent over the comb assigned to the UE over the DMRS symbol. On the data symbol, the waveform generation is exactly the same as the approach without IFDMA. The generated modulated symbols are then mapped to the 48REs associated with the comb index assigned to the UE. In addition, under this simple IFDMA based design, the UL waveform is SC-FDM; hence, it has no impact on the PAPR as compared to the case when IFDMA is not adopted.

In our view, supporting the IFDMA-based Spucch format is completely justifiable for the following reasons:

1) Adopting an IFDMA based Spucch allows for gaining from channel frequency diversity. The UL coverage enhancement brought by an IFDMA based design is essential for latency reduction for both Stti and URLLC services. 

2) The design is similar to that of the Spucch without IFDMA. The only difference is in symbol-to-RE mapping. Therefore, such a design does not impose any complexity at the UE side and does not require additional specification effort.



	Huawei, HiSilicon
	Since IFDMA needs more RBs to transmit a Spucch which may result in more waste of Spucch resource, IFDMA is not preferred.

	LGE
	Given the remaining time for this WI, it would be not desirable to introduce new feature unless it is found to be essential. IFDMA seems somewhat additional feature and may be beneficial but not essential. Therefore, we prefer NOT to support IFDMA for PF4-based 2/3-OS Spucch format carrying more than 2 bits. 

	Intel
	Agree with Ericsson and no need for IFDMA. 


11 companies provided inputs to Q7. Based on the inputs, 
· 8 companies think IFDMA should not be supported. The reason is mainly due to the limited remaining time for this WI. 

· 3 companies prefer to support IFDMA for PF4-based 2-OS sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any). All the 3 companies declare that the sPUCCH with IFDMA structure can provide better performance in case of more than 2 bits UCI, which case is actually the bottleneck of cell coverage. This means the IFDMA design is essential for latency reduction for both sTTI and URLLC services. 

Based on the majority of views, it is proposed to move forward with the following proposal:
Proposal 6: For PF4-based 2-OS sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any), IFDMA is not supported. 
4. sPUCCH Format selection 
Q8: When a UE is to transmit UCI in a 7-symbol sPUCCH, once the value of X is determined according to Q4, do you think the rules adopted in eCA in Release 14 [3] can be reused in sTTI operation for FDD HARQ-ACK feedback or FDD-TDD HARQ-ACK feedback for primary cell FS1, i.e., 
· For a sPDSCH transmission only on the primary cell, the UE shall use PF1a/1b-based sPUCCH.
· For a sPDSCH transmission on the secondary cell,
· if the total number of HARQ-ACK bits and scheduling request bit (if any) and periodic CSI bits  (if any and supported) is no more than X, the UE shall use PF3-based sPUCCH.
· if the total number of HARQ-ACK bits and scheduling request bit (if any) and periodic CSI bits  (if any and supported) is more than X, the UE shall use PF4-based sPUCCH. 
If your answer is NO, please provide your detailed proposal. 
	Company
	Views

	Ericsson
	- We believe that also format 1b should be possible to use in the case of two configured carriers (assuming the WA on 1 CW over layers is confirmed). That is, that the switch would be based on the number of carriers configured (fixed codebook size)/detected (in case dynamic codebook size, if supported). 

- Furthermore, we believe that sPF4 should be possible to support payloads from 3 bits, in case sPF3 is not configured (see the answer to Q4 on performance gap).

This results in the following format selection:

  - If sPF3 is configured: 

    - 1-2 bits HARQ, sPUCCH format 1a/1b;

    - 3-11 bits HARQ, sPUCCH format 3

    - 12 bits HARQ or more, sPUCCH format 4

  - If sPF3 is not configured:

    - 1-2 bits HARQ, sPUCCH format 1a/1b;

    - 3 bits HARQ or more, sPUCCH format 4

	ZTE, Sanechips
	Considering there might be 1ms HARQ-ACK piggybacked from PUCCH/PUSCH, we prefer the following format selection when a UE is to transmit UCI in a 7-symbol sPUCCH, 

· For a sPDSCH transmission only on the primary cell,

· if the total number of HARQ-ACK bits is no more than 2, the UE shall use PF1a/1b-based sPUCCH .

· if the total number of HARQ-ACK bits is more than 2, the UE shall use PF3-based sPUCCH. 

· For a sPDSCH transmission on the secondary cell,

· if the total number of HARQ-ACK bits and SR bit (if any) and periodic CSI bits (if any and supported) is no more than X, the UE shall use PF3-based sPUCCH.

· if the total number of HARQ-ACK bits and scheduling request bit (if any) and periodic CSI bits (if any and supported) is more than X, the UE shall use PF4-based sPUCCH.

In legacy LTE, PUCCH format 1b with channel selection is only applied in case of two configured carriers for FDD HARQ-ACK feedback. Considering PUCCH format 1b with channel selection based design is not introduced for sTTI operation currently, PF3-based 7-symbol sPUCCH can be used for this case for simplicity. 

In addition, we think when PF4-based sPUCCH is configured, PF3-based sPUCCH is always configured, which is the same as legacy operation. 

	Nokia, Nokia Shanghai Bell
	We are unsure of the benefits of adapting the PUCCH format based on the number of HARQ-ACK bits. As a starting point, a fixed HARQ-ACK codebook size according to the number of configured CCs seems reasonable. Use of format 1a/b for PCell only schedule is motivated as fallback option to guarantee robustness upon SCell configuration, and similar reasoning does not hold for sTTI.

If dynamic selection of sPUCCH format was considered, we’d rather do it explicitly based on the ARI 

	Samsung
	If dynamic codebook determination is supported, PF can be determined by the payload size.

If dynamic codebook determination is not supported, which PF is used can be configured by the eNB.

	Qualcomm
	Similar to the legacy LTE, for a UE configured with sPUCCH format 4, the sPUCCH format 3 is also configured. Here, we assume that only one CW per sPDSCH is supported, and there is no HARQ ACK/NAK bundling across the 1ms TTI and sTTI DL TBs. Hence, we have that:

· For a UE configured with a single serving cell, sPUCCH format 1a/1b is used.

· For a UE configured with more than one serving cell:

· sPUCCH format 1a/1b is used for up to 2bits of HARQ ACK/NAK.

· sPUCCH format 4 is used if the number of HARQ ACK/NAK bits + SR (if triggered) + periodic CSI for sTTI (if supported) is above 11 bits.

sPUCCH format 3 is used if the number of HARQ ACK/NAK bits + SR (if triggered) + periodic CSI for sTTI (if supported) is smaller or equal to 11 bits.

	Huawei, HiSilicon
	· For 1 to 2 bits HARQ-ACK and/or SR, sPUCCH format 1a/1b should always be supported.

· For HARQ-ACK more than 2 bits, whether using PF3-based sPUCCH or PF4-based sPUCCH is signaled by higher layer. Then PF3 and PF4 based sPUCCH can be configured by eNB at different scenarios. As PF3-based sPUCCH hopping is not supported, then PF3-based sPUCCH can be configured to support multi-user multiplexing and multiplexing with legacy PUCCH. PF4-based sPUCCH with hopping can achieve good performance. Then for UEs who need better sPUCCH performance, PF4-based sPUCCH can be configured. To further enhance sPUCCH performance, for payload sizes up to 22 bits, more RBs rather than 1 RB can be configured for PF4-based sPUCCH.



	LGE
	For sPUCCH format selection, collision between 1ms TTI and sPUCCH also should be taken into account. If the sPUCCH format selections are defined differently among different scenarios such as (1) 2 CW for 1 carrier, (2) 2 carriers and (3) 1 HARQ-ACK + 1 sHARQ-ACK, it would be too complicated. Thus, having a common format selection rule would be desirable, for example, depending on the total number of HARQ-ACK bits on sPUCCH. In summary, we prefer the following format selection rule for 7-OS sPUCCH:

(1) The total number of HARQ-ACK bits = 1~2 bits: sPF1
(2) The total number of HARQ-ACK bits = 3~X bits: sPF3
(3) The total number of HARQ-ACK bits > X bits: sPF4

	Intel 
	We support the proposal from Ericsson. 


11 companies provided inputs to Q6. Based on the inputs, 
· 4 companies support that sPF3 and sPF4 for 7-symbol sPUCCH can be separately configured by RRC. 2 out of the 4 companies support the following format selection:

· If sPF3 is configured: 

· 1-2 bits HARQ, sPUCCH format 1a/1b;

· 3-11 bits HARQ, sPUCCH format 3

· 12 bits HARQ or more, sPUCCH format 4

· If sPF3 is not configured:

· - 1-2 bits HARQ, sPUCCH format 1a/1b;
· - 3 bits HARQ or more, sPUCCH format 4
The other two companies support the following format selection:

· For 1 to 2 bits HARQ-ACK and/or SR, sPUCCH format 1a/1b should always be supported.

· For HARQ-ACK more than 2 bits, whether using PF3-based sPUCCH or PF4-based sPUCCH is signaled by higher layer. 
· 4 companies think that for a UE configured with sPUCCH format 4, the sPUCCH format 3 is also configured. 3 out of the 4 companies support the following format selection:

· For a sPDSCH transmission only on the primary cell,

· if the total number of HARQ-ACK bits is no more than 2, the UE shall use PF1a/1b-based sPUCCH .

· For a sPDSCH transmission on the secondary cell,

· if the total number of HARQ-ACK bits and SR bit (if any) and periodic CSI bits (if any and supported) is no more than X, the UE shall use PF3-based sPUCCH.

· if the total number of HARQ-ACK bits and scheduling request bit (if any) and periodic CSI bits (if any and supported) is more than X, the UE shall use PF4-based sPUCCH.

2 out of the 3 companies supporting above selection method also think the total number of HARQ-ACK bits could be more than 2 for single carrier case considering the piggyback of 1ms HARQ-ACK. In this case the UE shall use PF3-based sPUCCH. 

1 out of the 4 companies support the following format selection:

· The total number of HARQ-ACK bits = 1~2 bits: sPF1

· The total number of HARQ-ACK bits = 3~X bits: sPF3

· The total number of HARQ-ACK bits > X bits: sPF4
· 2 companies think a fixed HARQ-ACK codebook size according to the number of configured CCs seems reasonable.
· 1 company thinks if dynamic codebook determination is supported, PF can be determined by the payload size. Otherwise which PF is used can be configured by the eNB.

It seems no consensus here, and we have the following observation based on the inputs of companies.

Observation 2: For 7-OS sPUCCH format selection in sTTI operation for FDD HARQ-ACK feedback or FDD-TDD HARQ-ACK feedback for primary cell FS1, it may be better to discuss the following issue first: 

· When a UE is configured with sPUCCH format 4, whether the sPUCCH format 3 is also configured or not.
Q9: When a UE is to transmit UCI in a 7-symbol sPUCCH, once the value of X is determined according to Q4, which option is supported for TDD HARQ-ACK feedback or FDD-TDD HARQ-ACK feedback for primary cell FS2? Please provide the reason(s) for your choice.
· Option 1: Reuse the rules adopted in eCA for TDD, except that the UE shall use PF3-based sPUCCH for cases originally using PUCCH Format 1b with channel selection.
· Option 2: Reuse the rules adopted in eCA for TDD, except that 
· the UE shall use PF1a/1b-based sPUCCH for cases originally using PUCCH Format 1b with channel selection and the total number of HARQ-ACK bits and SR bit (if any) is no more than 2.
· the UE shall use PF3-based sPUCCH for cases originally using PUCCH Format 1b with channel selection and the total number of HARQ-ACK bits and SR bit (if any) is more than 2.
· Option 3: Reuse the rules adopted in eCA for TDD, except that the UE shall use PF1a/1b-based sPUCCH by HARQ-ACK bundling for cases originally using PUCCH Format 1b with channel selection.
· Option 4: None of the above (please provide your detailed proposal if you choose this option).

	Company
	Views

	Ericsson
	We support the intention of Option 2. With this option, sequence selection can be used to a larger extent and if using a single CW design two serving cells would only be reported using 2 HARQ bits. As per our response in Q8 we also here see the possibility to use sPF4, if sPF3 is not configured.

	ZTE, Sanechips
	We slightly prefer Option 1.

Similar to Q8, PUCCH format 1b with channel selection based design is not introduced for sTTI operation currently, PF3-based 7-symbol sPUCCH can be used for cases originally using PUCCH Format 1b with channel selection. 

	Nokia, Nokia Shanghai Bell
	Option 1 is preferred due to its simplicity

	Samsung
	Option 1 is preferred. 

	Qualcomm
	Option 1 is more preferred. (Note that a 2-bit ACK/NAK in TDD might be rare.)

	Huawei, HiSilicon
	The same as Q8.

	LGE
	As noted in Q8, we prefer option 2 as format selection depending on the payload size. 

	Intel
	We support Option 1. 


11 companies provided inputs to Q9. Based on the inputs, 
· 7 companies support option1, which is deemed as a simpler way.   

· 2 companies support option 2. One of the two companies see the possibility to use sPF4, if sPF3 is not configured. 

· 2 companies support the following format selection, 

· For 1 to 2 bits HARQ-ACK and/or SR, sPUCCH format 1a/1b should always be supported.

· For HARQ-ACK more than 2 bits, whether using PF3-based sPUCCH or PF4-based sPUCCH is signaled by higher layer. 

Based on the majority of views, we have the following proposal:
Proposal 7: When a UE is to transmit UCI in a 7-symbol sPUCCH, the following sPUCCH format selection is adopted for TDD HARQ-ACK feedback or FDD-TDD HARQ-ACK feedback for primary cell FS2:
· Reuse the rules adopted in eCA for TDD, except that the UE shall use PF3-based sPUCCH for cases originally using PUCCH Format 1b with channel selection.
Q10: When a UE is to transmit UCI in a 2/3-symbol sPUCCH, which option is supported for sPUCCH format selection between sequence-based sPUCCH and PF4-based sPUCCH? Please provide the reason(s) for your choice.
· Option 1: 
· For up to 2bits HARQ-ACK and SR (if any), the UE shall use sequence-based sPUCCH.
· For more than 2bits HARQ-ACK and SR (if any), the UE shall use PF4-based sPUCCH.
· Option 2: 
· For a sPDSCH transmission only on the primary cell and the total number of HARQ-ACK bits is no more than 2, the UE shall use sequence-based sPUCCH.
· For a sPDSCH transmission on the secondary cell, or for a sPDSCH transmission only on the primary cell and the total number of HARQ-ACK bits is more than 2, the UE shall use PF4-based sPUCCH.
· Option 3: 
· For a sPDSCH transmission only on the primary cell and the total number of HARQ-ACK bits and SR bit (if any) is no more than 2, the UE shall use sequence-based sPUCCH.
· For a sPDSCH transmission on the secondary cell, or for a sPDSCH transmission only on the primary cell and the total number of HARQ-ACK bits and SR bit (if any) is more than 2, the UE shall use PF4-based sPUCCH.
· Option 4: None of the above (please provide your detailed proposal if you choose this option).
	Company
	Views

	Ericsson
	Option 1. Simple scheme and would allow the use of format 1b in case of CA. Here, we interpret number of HARQ bits to be before any potential bundling is applied for sequence based sPUCCH.

	ZTE, Sanechips
	We slightly prefer Option 2. We are also fine with Option 1. 

In our views, Option 2 would make sPUCCH channel selection simpler for CA case comparing to Option 1. For example, no matter the number of carriers is 2 or more than 2, the UE would always use PF4-based sPUCCH. The main difference of Option 2 and Option 3 is the handling of 2 bits HARQ-ACK and SR. We believe that sequence based PUCH can be appled for this case. 

	Nokia, Nokia Shanghai Bell
	Option 1

	Samsung
	Option 1.

”2bits HARQ-ACK and SR” should become clearer. Is it ”(2bits HARQ-ACK) and SR” or ”2bits (HARQ-ACK and SR)”? In other words, does ”2bits” include HARQ-ACK only, or both HARQ-ACK and SR?

	Qualcomm
	Option 1 is more preferred.

	Huawei, HiSilicon
	Option 1. sPUCCH format 1a/1b should always be supported even if PF4-based sPUCCH is configured by higher layer signaling. When only 1 or 2 bits need to be transmitted, sPUCCH format 1a/1b can be used. 

Note that to avoid the ambiguity of number of HARQ-ACK and SR bits, the indication the number of transmitted UCI bits may be needed.

	LGE
	Our preference is option 1.

	Intel 
	We agree with Opt.1 in principle. 

However, some discussions are needed to clarify the meaning of “up to 2bits HARQ-ACK and SR (if any)”. In particular, is it decoding result of PDSCH (i.e. decided by UE itself and may be different with eNB scheduling) or based on some semi-static information (CCs number and transmission mode)? To make question more specific, allowing UE to select the PUCCH format based on the actually detected sPDSCH and corresponding ACK/NACK payload may result in ACK/NACK payload misalignment between UE and eNB. If the problem is justified, some solution is needed. 


11 companies provided inputs to Q10. Based on the inputs, 
· 9 companies support option 1. 3 out of the 9 companies identify that there might be misalignment on the number of HARQ-ACK and SR bit between UE and eNB. Specifically, allowing UE to select the PUCCH format based on the actually detected sPDSCH and corresponding ACK/NACK payload may result in ACK/NACK payload misalignment between UE and eNB. If the problem is justified, some solution is needed. 

· 2 out of the 11 companies prefer option 2 but also fine with option 1.  

Based on the majority of views, it is proposed to move forward with the following proposal:
Proposal 8: 

· When a UE is to transmit UCI in a 2/3-symbol sPUCCH, sPUCCH format selection between sequence-based sPUCCH and PF4-based sPUCCH is based on the following rules.
· For up to 2bits HARQ-ACK and SR (if any), the UE shall use sequence-based sPUCCH.
· For more than 2bits HARQ-ACK and SR (if any), the UE shall use PF4-based sPUCCH.
· FFS the possible ambiguity of the number of HARQ-ACK and SR bits between eNB and UE. 
5. sPUCCH resource management
Q11: In your view, can PF1a/1b-based 7-OS sPUCCH format with/without frequency hopping be CDMed with 1ms PUCCH format 1/1a/1b/2 in the same RB? If your answer is YES, please explain how to achieve the CDM multiplexing? If your answer is NO, please explain the reason(s).

	Company
	Views

	Ericsson
	Yes. By using different CSs in case of FH, and using separate OCCs, CSs, or, OCCs and CSs in case of no FH. The specification would probably not have to say anything on this, apart from allowing the configuration of it.

	ZTE, Sanechips
	Yes. 

Different cyclic shifts and/ or different OCCs (only for no FH) can be used for the multiplexing of this case. 

	Nokia, Nokia Shanghai Bell
	Yes. The specification impact may relate to allowing for a sufficient value range for the RRC configuration such that sPUCCH resources can be placed anywhere on top of PUCCH based on eNB’s discretion.

	Samsung
	Yes, by using different CSs/OCC..

	Qualcomm
	The 1-slot sPUCCH and PUCCH from different users can be orthogonalized via using different OCC (without frequency hopping) and/or CSs. Enabling this, however, should not have any specification impact.

	Huawei, HiSilicon
	Yes but under some condition.

· PF 1a/1b-based 7-OS sPUCCH without FH can be multiplexed with 1ms PUCCH format 1/1a/1b/2 in the same RB by CS and/or OCC.

· PF 1a/1b-based 7-OS sPUCCH with FH can be multiplexed with 1ms PUCCH format 2 in the same RB, but should not be multiplexed with 1ms PUCCH PF 1/1a/1b. 
· For 1ms PUCCH PF 2, resources are configured by higher layer. For PF1a/1b-based 7-OS sPUCCH with/without frequency hopping, one of multiple sPUCCH resources configured by higher layer is indicated by ARI in sDCI for ACK/NACK feedback. Therefore, it is easy for eNB to operate multiplexing between 1ms PUCCH PF 2 and PF1a/1b-based 7-OS sPUCCH via configuring different CSs.
· For PF 1a/1b-based 7-OS sPUCCH with hopping, OCC is not applied. In addition, For 1ms PUCCH PF1/1a/1b, implicit PUCCH resource indication is applied according to CCE index of DCI, so multiplexing between PF1a/1b-based 7-OS sPUCCH with FH and 1ms PUCCH PF1/1a/1b is complicated, which would introduce extra scheduling restriction of 1ms PDCCH.

	LGE
	Yes. This is up to network configuration without any specification impact.

	Intel 
	Yes. This should be allowed in spec when indicating the range of sPUCCH resource.


11 companies provided inputs to Q11. Based on the inputs, 
· 9 companies answered yes. The multiplexing can be achieved by using different CSs in case of FH, and using separate OCCs, CSs, or, OCCs and CSs in case of no FH.
· 2 companies answered yes but with condition. That is PF 1a/1b-based 7-OS sPUCCH with FH can be multiplexed with 1ms PUCCH format 2 in the same RB, but should not be multiplexed with 1ms PUCCH PF 1/1a/1b. 
Based on the majority of views, we propose that:
Proposal 9: For PF1-based 7-OS sPUCCH format, the cyclic shifts on different sPUCCH symbols and the OCC in different slots can be different for a given UE. Cyclic shift randomization and OCC variations are re-used from 1 ms operation to support multiplexing with legacy PUCCH format 1/1a/1b/2.
· Note, the OCC is not applied when frequency hopping is enabled. 
Q12: In your view, can sequence-based 2/3OS sPUCCH format be CDMed with 1ms PUCCH format 1/1a/1b/2 in the same RB? If your answer is YES, please explain how to achieve the CDM multiplexing? If your answer is NO, please explain the reason(s).

	Company
	Views

	Ericsson
	Yes. By using different CSs. The specification would probably not have to say anything on this, apart from allowing the configuration of it.

	ZTE, Sanechips
	Yes. 

Different cyclic shifts can be used. 

	Nokia, Nokia Shanghai Bell
	Yes. The specification impact may relate to allowing for a sufficient value range for the RRC configuration such that sPUCCH resources can be placed anywhere on top of PUCCH based on eNB’s discretion.

	Samsung
	Yes, by using different CSs.

	Qualcomm
	This can be done by assigning different CSs to 2/s-symbol sPUCCH and PUCCH. Similar to our response to Q11, this should not have any specification impact.

	Huawei, HiSilicon 
	Yes but under some condition.
Sequence-based 2/3OS sPUCCH can be multiplexed with 1ms PUCCH format 2 in the same RB, but should not be multiplexed with 1ms PUCCH PF 1/1a/1b.
· For 1ms PUCCH PF 2, resources are configured by higher layer. For sequence-based 2/3OS sPUCCH, one of multiple sPUCCH resources configured by higher layer is indicated by ARI in sDCI for ACK/NACK feedback. Therefore, it is easy for eNB to operate multiplexing between 1ms PUCCH PF 2 and sequence-based 2/3OS sPUCCH via configuring different CSs.

· For sequence-based 2/3OS sPUCCH, OCC is not applied. In addition, For 1ms PUCCH PF1/1a/1b, implicit PUCCH resource indication is applied according to CCE index of DCI, so multiplexing between sequence-based 2/3OS sPUCCH and 1ms PUCCH PF1/1a/1b is complicated, which would introduce extra scheduling restriction of 1ms PDCCH.

	LGE
	Yes. This is up to network configuration without any specification impact.

	Intel
	Yes. It is up to eNB scheduler to avoid collisions between the sPUCCH and PUCCH resources in terms of CS. 


11 companies provided inputs to Q12. Based on the inputs, 
· 9 companies answered yes. The multiplexing can be achieved by using different CSs.

· 2 companies answered yes but with condition. That is sequence-based 2/3OS sPUCCH can be multiplexed with 1ms PUCCH format 2 in the same RB, but should not be multiplexed with 1ms PUCCH PF 1/1a/1b.
Based on the majority of views, we propose that:
Proposal 10: For sequence-based 2/3OS sPUCCH format, the cyclic shifts on different sPUCCH symbols can be different for a given UE, cyclic shift randomization is re-used from 1 ms operation to support multiplexing with legacy PUCCH format 1/1a/1b/2. 
Q13: In your view, can sequence-based 2/3OS sPUCCH format be CDMed with PF1a/1b-based 7-OS sPUCCH format with/without frequency hopping in the same RB? If your answer is YES, please explain how to achieve the CDM multiplexing? If your answer is NO, please explain the reason(s).

	Company
	Views

	Ericsson
	Yes. By using different CSs. The specification would probably not have to say anything on this, apart from allowing the configuration of it.

	ZTE, Sanechips
	Yes, 

Different cyclic shifts can be used. 

	Nokia, Nokia Shanghai Bell
	Yes. The specification impact may relate to allowing for a sufficient value range for the RRC configuration such that sPUCCH resources can be placed anywhere on top of PUCCH based on eNB’s discretion.

	Samsung
	Yes, by using different CSs.

	Qualcomm
	This is possible by using different CSs.

	Huawei, HiSilicon
	Yes.
For sequence-based 2/3OS sPUCCH and PF1a/1b-based 7-OS sPUCCH format with/without frequency hopping, one of multiple sPUCCH resources configured by higher layer is indicated by ARI in sDCI for ACK/NACK feedback. Therefore, it is easy for eNB to operate multiplexing between these two formats via configuring different CSs.

	LGE
	Yes. This is up to network configuration without any specification impact.

	Intel
	Yes


11 companies provided inputs to Q13. Based on the inputs, all companies answered yes, and the multiplexing can be achieved by using different CSs.
Therefore, we propose that:
Proposal 11: Sequence-based 2/3OS sPUCCH format can be CDMed with PF1a/1b-based 7-OS sPUCCH format with/without frequency hopping by using different cyclic shifts on each symbol. 
Q14: In your view, can PF3-based 7-OS sPUCCH format be CDMed with 1ms PUCCH format 3 in the same RB? If your answer is YES, please explain how to achieve the CDM multiplexing? If your answer is NO, please explain the reason(s).

	Company
	Views

	Ericsson
	Yes. By using different OCCs on data and different CS on DMRS (as in legacy). The specification would probably not have to say anything on this, apart from allowing the configuration of it.

	ZTE, Sanechips
	Yes, similar to the multiplexing of different UEs in each slot for the legacy. 

	Nokia, Nokia Shanghai Bell
	Yes. The specification impact may relate to allowing for a sufficient value range for the RRC configuration such that sPUCCH resources can be placed anywhere on top of PUCCH based on eNB’s discretion.

	Samsung
	Yes, by using different CSs/OCC.

	Qualcomm
	This is possible by using different CSs and/or OCCs.

	Huawei, HiSilicon
	Yes. They can be multiplexed by OCC multiplexing.

	LGE
	Yes. This is up to network configuration without any specification impact.

	Intel 
	Yes using different OCC on UCI and different CS on RS.   


11 companies provided inputs to Q14. Based on the inputs, all companies answered yes, and the multiplexing can be achieved by using different OCC on UCI and different CS on RS.   
Therefore, we propose that:
Proposal 12: For PF3-based 7-OS sPUCCH format the cyclic shifts of the DMRS and the OCC used in different slots follow the principle of PUCCH format 3. 
Q15: Regarding to the periodicity of SR sent on 7OS sPUCCH, which option is supported for the set of values configured from RRC signaling? Please provide the reason(s) for your choice. 
· Option 1: {0.5ms, 1ms} 
· Option 2: {0.5ms, 1ms, 2ms, 5ms, 10ms, 20ms, 40ms, 80ms}
· Option 3: None of the above (please provide your detailed proposal if you choose this option).

	Company
	Views

	Ericsson
	Option 1. We are also OK with including a few additional periodicities above 1 ms, if preferred by other companies.

	ZTE, Sanechips
	Slightly prefer Option 1. Considering the periodicity of legacy SR is always there, the SR latency would be simialr if the periodicity for 7-symbol sPUCCH SR is also configured with larger than 1ms. Then, in this case legacy SR can be used to save SR overhead. On the other hand, if legacy SR is configured with a large periodicity like 80ms, it may be more flexible to configure sSR with a relative small periodicity like 2ms.     

	Nokia, Nokia Shanghai Bell
	Option 2: for a UE in reasonable coverage, this can be beneficial in a situation where the network does not want to allocate excessive number of PRBs for sSR

	Samsung
	Option 1. Legacy SR can cover the larger periods in option 2.

	Qualcomm
	Option 3, i.e., besides the sTTI-level periodicites that should naturally be supported, supporting some of the larger periodicities is also beneficial. It should be noted that in reducing the SR latency, both the periodicity and the length of the UL TTI play a role. Although legacy LTE supports large periodicities, such as 2ms, 5ms, 10ms, etc., the SR latency can be reduced by using 1-slot sTTI in the UL. For very large periodicities, however, the benefits of using shorter UL TTI are diminishing. Hence, we propose to support the SR periodicities of {0.5ms, 1ms, 2ms, 5ms and 10ms}. 

	Huawei, HiSilicon
	Option 1. Also OK with 2ms if preferred by other companies.

	LGE
	Option 1 to allow UE to request UL scheduling with low latency. If a resource waste is problematic, some of additional periodicities longer than 1ms can be added on top of values in option 1.

	Intel
	Option 3. We still do not see the need to support SR periodicities values that have been supported by legacy TTI e.g. 1ms has been supported in current LTE using 1ms TTI. We assume it is always possible and allowed in spec for network to simultaneously configure sTTI (e.g. 2-symbols sTTI) and TTI (1ms) for SR transmissions to realize different SR periodicities.  


11 companies provided inputs to Q15. Based on the inputs, 
· 7 companies prefer option 1. 6 out of the 7 companies are also OK to add some larger SR periodicity.

· 2 companies prefer option 2. They think this can be beneficial in a situation where the network does not want to allocate excessive number of PRBs for sSR.

· 2 companies prefer option 3. 
· 1 out of the 2 companies prefers a set of sSR periodicity as {0.5ms, 1ms, 2ms, 5ms and 10ms}.
· 1 out of the 2 companies prefers only one sSR periodicity with 0.5ms.    
Based on the majority of views, it is proposed to move forward with the following proposal:
Proposal 13: The periodicity of sSR sent on 7OS sPUCCH is set as one of from {0.5ms, 1ms}
Q16: Regarding to the periodicity of SR sent on 2/3-OS sPUCCH, which option is supported for the set of values configured from RRC signaling? Please provide the reason(s) for your choice. 
· Option 1: {1 sTTI, 2 sTTI, 3 sTTI, 4 sTTI, 1ms}

· Option 2: {1 sTTI, 2 sTTI, 3 sTTI, 1ms}

· Option 3: {1 sTTI, 2 sTTI, 3 sTTI, 4 sTTI, 1ms, 2ms, 5ms, 10ms, 20ms, 40ms, 80ms}
· Option 4: {1 sTTI, 2 sTTI, 3 sTTI, 1ms, 2ms, 5ms, 10ms, 20ms, 40ms, 80ms}
· Option 5: None of the above (please provide your detailed proposal if you choose this option).

	Company
	Views

	Ericsson
	Option 1 (This would also mean 16 states with periodicity and offset, which can be represented by 4 bits). We are also OK with including a few additional periodicities above 1 ms, if preferred by other companies.

	ZTE, Sanechips
	Slightly prefer Option 1. Both Option 1 and Option 2 needs 4 bits to indicate the periodicity and offset, while Option 1 provides more flexibility. Additional periodicity could also be considered. 

	Nokia, Nokia Shanghai Bell
	Option 3 or 4: for a UE in reasonable coverage, this can be beneficial in a situation where the network does not want to allocate excessive number of PRBs for Ssr

	Samsung
	Option 2 is prefered to align subframe boundary.

	Qualcomm
	Option 4, i.e., besides the Stti-level periodicites that should naturally be supported, supporting some of the larger periodicities is also beneficial. It should be noted that in reducing the SR latency, both the periodicity and the length of the UL TTI play a role. Although legacy LTE supports large periodicities, such as 2ms, 5ms, 10ms, etc., the SR latency can be reduced by using 1-slot Stti in the UL. For very large periodicities, however, the benefits of using shorter UL TTI are diminishing. Hence, we propose to support the SR periodicities of {0.5ms, 1ms, 2ms, 5ms and 10ms}.

	Huawei, HiSilicon
	Option 1. Also OK with 2ms if preferred by other companies.

	LGE
	Option 1 or 2 is fine. Some additional values can be added if needed.

	Intel
	Option 4: {1 sTTI, 2 sTTI, 3 sTTI, 4 sTTI}


11 companies provided inputs to Q16. Based on the inputs, 
· 6 companies prefer option 1. All these 6 companies are also ok to add some larger SR periodicity. 

· 2 companies prefer option 2. 1 of the 2 companies is also ok to add some other SR periodicity.

· 2 companies prefer option 3, and they are also fine to support option 4.

· 2 companies prefer option 5. 
· 1 out of the 2 companies prefers a set of sSR periodicity a {1 sTTI, 2 sTTI, 3 sTTI, 4 sTTI}. 
· 1 out of the 2 companies wants to support at least sSR periodicity {0.5ms, 1ms, 2ms, 5ms and 10ms}. 
Based on the majority of views, it is proposed to move forward with the following proposal:
Proposal 14: The periodicity of sSR sent on 2/3-OS sPUCCH is set as one of from {1 sTTI, 2 sTTI, 3 sTTI, 4 sTTI, 1ms}
6. Remaining issues on collision between SR and HARQ-ACK
Q17: If you think two code-words for 2/3-OS sPDSCH should be supported, which option is supported in case positive SR and 2-bit HARQ-ACK for two code-words are to be transmitted on 2/3-OS sPUCCH in the same sTTI? Please provide the reason(s) for your choice. If you prefer that only a single codeword is used for sPDSCH, you can skip this question.
	Company
	Views

	Ericsson
	We are not supporting the option of 2 CWs, but we believe that the 2-bit HARQ format should be supported over 2 component carriers, in which case the same question would apply.

In this case, we would support the intention of Option 2 (i.e. bundling of the 2 HARQ bits of the two CCs in case of positive SR).

	ZTE, Sanechips
	Option 1.

From the perspective of sPUCCH resource overhead, Option 1 offers a lowest overhead, i.e., 2 sPUCCH resource for HARQ-ACK only and 2 sPUCCH resource for SR+HARQ. Option 2 requires 4 sPUCCH resource for HARQ-ACK only and 2 sPUCCH resource for SR+HARQ.  

It was agreed to configure four sPUCCH resource groups by RRC signaling, and the number of sPUCCH resources in each group depends on the expected number of HARQ-ACK bits. Condsidering the expected number of HARQ-ACK bits may be dynamically changed due to the possible HARQ-ACK piggybacked from 1ms TTI, a wise eNB could be able to configure part of the sPUCCH groups containing two sPUCCH resources and the other groups containing four resources. Then the eNB can use DCI to indicate one proper group to the UE to adjust the change of HARQ-ACK bits number. Similarly, eNB can always indicate a sPUCCH resource group containing 2 sPUCCH resources in SR subframes if Option 1 is adopted. 

	Nokia, Nokia Shanghai Bell
	We think 1-CW PDSCH is sufficient. If not, Option 2 is the preferred choise.

	Samsung
	1 CW is sufficient. For 2 bits HARQ-ACK case, Option 2 is preferred.

	Huawei, HiSilicon
	Option 2. Option 3 needs more sPUCCH resources, which is not appropriate. Since the periodicity of SR on sPUCCH can be very small, if spatial bundling is always operated the benefit of configuring two codewords would be reduced. Therefore, option 1 is not preferred.

	LGE
	We already made the working assumption that a single CW is used for sPDSCH. In this sense, there seems no need to define this kind of handling. If two bits of sHARQ-ACK are for two carriers, our preference is option 3 for simplicity. 

If this may require excessive resource reservation, we can consider some other approach, for example, different combination of cyclic shifts over different symbols can be used depending on whether SR is positive or not. 

	Intel 
	We share the same view with LGe and different CS can be used in different symbols to indicate positive SR if there is concern on control overhead of Opt.3.  

For option.2, due to uncertainty of positive SR in SR sTTI, two additional SR resources need to be reserved to indicate the presence of positive SR and transmit bundled ACK/NACK. 


Q18: Which option is supported in case positive SR and 2-bit HARQ-ACK are to be transmitted on 2/3-OS sPUCCH in the same sTTI, where 1-bit HARQ-ACK is from sPDSCH and 1-bit HARQ-ACK is piggybacked from 1ms PUCCH in case of collision of 2-OS sPUCCH and 1ms PUCCH/PUSCH. Please provide the reason(s) for your choice.
· Option 1. Bundling is always applied for HARQ-ACK feedback in SR subframes. 
· Option 2. Bundling is applied for HARQ-ACK feedback in SR subframes when there is a positive SR. 
· Option 3: Four sPUCCH resources are configured for SR+HARQ and four sPUCCH resources are configured for only HARQ.

· Option 4: None of the above (please provide your detailed proposal if you choose this option).
	Company
	Views

	Ericsson
	We are not sure why we talk about spatial bundling here? We believe this case should be treated in the same way as if the 2 bits were from sTTI, i.e. option 2 (see Q17). 

	ZTE, Sanechips
	Option 1. 

As answered in Q3, HARQ-ACK bundling can be applied across different TTI lengths. Then, a similar method as Q17 can be adopted.

	Nokia, Nokia Shanghai Bell
	Option 4:

If 2-CW sPDSCH is supported, following mapping can be applied:
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If 2-CW sPDSCH is not supported, the mapping (for 2-CC case) can be as follows:
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	Samsung
	Same as our answer to Q17.

	Qualcomm
	Option 3. In our view, it is not justifiable to bundle the HARQ ACK/NAK associated with sTTI and 1ms TTI operations since they have distinct performances. Like the legacy LTE, if the SR is positive, the HARQ ACK/NAK will be sent over the SR resource. (Basically, this is the same case as in Question 3. If bundling across different TTI lengths is not acceptable there, it is not acceptable in this scenario either.)

	Huawei, HiSilicon
	Option 2. Same as Q17.

	LGE
	Option 3. As noted in Q3, the benefit from cross-TTI-length bundling is unclear, which may induce potentially unnecessary latency. For simplicity, the similar approach can be applied as the case where positive SR and 1-bit HARQ-ACK are to be transmitted on 2/3-symbol sPUCCH in the same sTTI. (i.e., option 3) 

Similar to Q17, it can be also considered that different combination of cyclic shifts over different symbols is used depending on whether SR is positive or not.

	Intel 
	Option 3. See inputs on Q18.  


Based on the inputs on Q17 and Q18, we find no consensus here. It may be better to first clarify the use case for 2-bit HARQ-ACK+SR transmission in sequence based 2/3-OS sPUCCH. Based on the inputs, the following 3 cases are identified: 
· Case 1: The 2-bit HARQ-ACK is for 2 code-words of sPDSCH. 
· Case 2: The 2-bit HARQ-ACK is comprised of 1-bit sHARQ-ACK and 1-bit HARQ-ACK.
· Case 3: The 2-bit HARQ-ACK is for 2 carriers.   
However, case 1 depends on the working assumption of a single CW is used for sPDSCH, case 2 depends on Q3 that whether HARQ-ACK bundling across different TTI lengths is supported or not, while case 3 depends on 2/3-OS sPUCCH format selection. Thus, we have:

Observation 3: It seems better to first specify the use cases for 2-bit HARQ-ACK+SR transmission in sequence based 2/3-OS sPUCCH, e.g.   

· Case 1: The 2-bit HARQ-ACK is for 2 code-words of sPDSCH. 

· Case 2: The 2-bit HARQ-ACK is comprised of 1-bit sHARQ-ACK and 1-bit HARQ-ACK.

· Case 3: The 2-bit HARQ-ACK is for 2 carriers.   

Q19: When 1/2-bit HARQ-ACK is to be transmitted on 2/3-OS sPUCCH and there is a negative SR in the same sTTI, do you have any technical concern on the HARQ-ACK is transmitted on sPUCCH resource for HARQ-ACK and/or alternative proposal? Please provide the reason(s) for your answer.
	Company
	Views

	Ericsson
	We are not sure we follow the question. If the question is if HARQ+negative SR is sent on the configured HARQ resources the answer is yes.

	ZTE, Sanechips
	The HARQ-ACK is transmitted on sPUCCH resource for HARQ-ACK.

Note, this question is simply to ask whether you support the HARQ-ACK is transmitted on sPUCCH resource for HARQ-ACK when 1/2-bit HARQ-ACK is to be transmitted on 2/3-OS sPUCCH and there is a negative SR in the same sTTI.

	Nokia, Nokia Shanghai Bell
	We are ok with transmitting a-2 bit A/N + negative SR on the A/N resources

	Samsung
	We don’t have a concern on that.

	Qualcomm
	We are also not sure about the intention of the question. In any case, if there is no SR, then naturally the HARQ ACK/NAK will be sent over the configured resources for the HARQ ACK/NAK transmission.

	Huawei, HiSilicon
	No concern on the HARQ-ACK transmitted on sPUCCH resource for HARQ-ACK. In legacy PUCCH format 1a/1b, the HARQ-ACK with negative SR is transmitted on PUCCH resource for HARQ-ACK, the HARQ-ACK with positive SR is transmitted on PUCCH resource for SR. If there is no other better solution, the legacy solution could be reused on 2/3-OS sPUCCH when 1/2-bit HARQ-ACK.

	LGE
	No concern. HARQ-ACK and negative SR can be transmitted on sPUCCH resource for HARQ-ACK.

	Intel 
	HARQ-ACK is transmitted on its own resource in case of negative SR. 


11 companies provided inputs to Q19. Based on the inputs, we have:  

Proposal 15: When 1/2-bit HARQ-ACK is to be transmitted on 2/3-OS sPUCCH and there is a negative SR in the same sTTI, HARQ-ACK is transmitted on sPUCCH resource for HARQ-ACK. 
Q20: When more than 2 bits HARQ-ACK are to be transmitted on 2/3-OS sPUCCH and there is a positive/negative SR in the same sTTI, do you have any technical concern on the similar method applied for 1-slot sPUCCH, i.e. 
· When positive SR and more than 2bits HARQ-ACK are to be transmitted on 2/3-OS sPUCCH in the same sTTI,

· SR and HARQ-ACK are transmitted on sPUCCH resource for HARQ-ACK.

· When there is negative SR:

· SR and HARQ-ACK are transmitted on sPUCCH resource for HARQ-ACK.
If you have alternative proposal, please provide your detailed proposal. 
	Company
	Views

	Ericsson
	Following the slot principle is fine

	ZTE, Sanechips
	The same rule for slot case can be reused. 

	Nokia, Nokia Shanghai Bell
	Assuming that this means reserving one additional bit for sSR in sTTIs where it is configured, we are ok with the proposal

	Samsung
	The same method for slot sTTI can be resued..

	Qualcomm
	This is fine with us.

	Huawei, HiSilicon
	The same method for 1-slot sPUCCH can be reused.

	LGE
	We are fine with the same principle as the slot case. 

	Intel
	Following the rule defined for slot-based sPUCCH. 


11 companies provided inputs to Q20. Based on the inputs, all companies are fined with the proposal. Therefore, we have: 
Proposal 16: When more than 2 bits HARQ-ACK are to be transmitted on 2/3-OS sPUCCH and there is a positive/negative SR in the same sTTI

· When there is a positive SR:
· SR and HARQ-ACK are transmitted on sPUCCH resource for HARQ-ACK.

· When there is negative SR:

· SR and HARQ-ACK are transmitted on sPUCCH resource for HARQ-ACK.
7. Others
Would you like to share any other views on sPUCCH format design? 
	Company
	Views

	
	

	
	

	
	

	
	


8. Conclusion
Based on the inputs of companies, the following proposals are identified and believed to be easily agreeable by the group. Companies are encouraged to raise your concerns (if any) to make it more stable.  
	Proposal 2: HARQ-ACK bundling across different TTI lengths is not supported. 
Proposal 3: The maximum payload size is X =11 for PF3-based 7-OS sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any).

Proposal 4: The channel coding scheme for PF4-based 2-OS sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any) is defined as:

· Up to 11 bits: Single RM coding

· 12-22: Dual RM

· More than 22 bits: TBCC+8bit-CRC

Proposal 5: The maximum number of PRBs is 8 for PF4-based 2-OS sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any).

Proposal 8: 

· When a UE is to transmit UCI in a 2/3-symbol sPUCCH, sPUCCH format selection between sequence-based sPUCCH and PF4-based sPUCCH is based on the following rules.
· For up to 2bits HARQ-ACK and SR (if any), the UE shall use sequence-based sPUCCH.
· For more than 2bits HARQ-ACK and SR (if any), the UE shall use PF4-based sPUCCH.
· FFS the possible ambiguity of the number of HARQ-ACK and SR bits between eNB and UE. 

Proposal 9: For PF1-based 7-OS sPUCCH format, the cyclic shifts on different sPUCCH symbols and the OCC in different slots can be different for a given UE. Cyclic shift randomization and OCC variations are re-used from 1 ms operation to support multiplexing with legacy PUCCH format 1/1a/1b/2.
· Note: the OCC is not applied when frequency hopping is enabled.
Proposal 10: For sequence-based 2/3OS sPUCCH format, the cyclic shifts on different sPUCCH symbols can be different for a given UE, cyclic shift randomization is re-used from 1 ms operation to support multiplexing with legacy PUCCH format 1/1a/1b/2. 
Proposal 11: Sequence-based 2/3OS sPUCCH format can be CDMed with PF1a/1b-based 7-OS sPUCCH format with/without frequency hopping by using different cyclic shifts on each symbol. 
Proposal 12: For PF3-based 7-OS sPUCCH format the cyclic shifts of the DMRS and the OCC used in different slots follow the principle of PUCCH format 3. 
Proposal 15: When 1/2-bit HARQ-ACK is to be transmitted on 2/3-OS sPUCCH and there is a negative SR in the same sTTI, HARQ-ACK is transmitted on sPUCCH resource for HARQ-ACK. 

Proposal 16: When more than 2 bits HARQ-ACK are to be transmitted on 2/3-OS sPUCCH and there is a positive/negative SR in the same sTTI

· When there is a positive SR:
· SR and HARQ-ACK are transmitted on sPUCCH resource for HARQ-ACK.

· When there is negative SR:

· SR and HARQ-ACK are transmitted on sPUCCH resource for HARQ-ACK.


Based on the inputs of companies, the following proposals/observations obtain the majority of views but are not quite aligned among companies. This may need further discussion, and companies are encouraged to raise your comments/suggestions (if any) to make it more agreeable.  

	Proposal 1: HARQ-ACK bundling across DL sTTI is not supported when configured with {2,7} sTTI operation. 

Proposal 6: For PF4-based 2-OS sPUCCH format carrying more than 2 bits ACK/NACK and SR (if any), IFDMA is not supported. 
Proposal 7: When a UE is to transmit UCI in a 7-symbol sPUCCH, the following sPUCCH format selection is adopted for TDD HARQ-ACK feedback or FDD-TDD HARQ-ACK feedback for primary cell FS2:
· Reuse the rules adopted in eCA for TDD, except that the UE shall use PF3-based sPUCCH for cases originally using PUCCH Format 1b with channel selection.

Proposal 13: The periodicity of sSR sent on 7OS sPUCCH is set as one of from {0.5ms, 1ms}
Proposal 14: The periodicity of sSR sent on 2/3-OS sPUCCH is set as one of from {1 sTTI, 2 sTTI, 3 sTTI, 4 sTTI, 1ms}
Observation 1: The majority of companies assume that only one codeword sPDSCH is supported, it seems no need to discuss the spatial bundling issue for sPDSCH in this email discussion.


Based on the inputs of companies, we have the following observations for questions (Q8, Q17/Q18 ), where no consensus is reached. 
	Observation 2: For 7-OS sPUCCH format selection in sTTI operation for FDD HARQ-ACK feedback or FDD-TDD HARQ-ACK feedback for primary cell FS1, it may be better to discuss the following issue first: 

· When a UE is configured with sPUCCH format 4, whether the sPUCCH format 3 is also configured or not.
Observation 3: It seems better to first specify the use cases for 2-bit HARQ-ACK+SR transmission in sequence based 2/3-OS sPUCCH, e.g.   

· Case 1: The 2-bit HARQ-ACK is for 2 code-words of sPDSCH. 

· Case 2: The 2-bit HARQ-ACK is comprised of 1-bit sHARQ-ACK and 1-bit HARQ-ACK.

· Case 3: The 2-bit HARQ-ACK is for 2 carriers.   


To make further progress, we raise two proposals aiming at observation 2 and 3 above. These proposals may be controversial, but could be a starting point for discussion.
	Proposal 17: For 7-OS sPUCCH, sPUCCH format 3 is configured when a UE is configured with sPUCCH format 4. 

Considering most companies do not support case 1 and case 2 in observation 3, it seems straightforward to have: 

Proposal 18: For 2-bit HARQ-ACK+SR transmission in sequence based 2/3-OS sPUCCH, option 3 is adopted, i.e. four sPUCCH resources are configured for SR+HARQ-ACK and four sPUCCH resources are configured for only HARQ-ACK.
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