
3GPP TSG RAN WG1 Meeting 91 	      	                                         R1-1719663
Reno, USA, November 27th – December 1st, 2017

Source:	ZTE, Sanechips
[bookmark: Title]Title:	Email discussion [90b-LTE-10] on remaining details of sPUCCH design
[bookmark: Source]Agenda Item:	6.2.1.2.3
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
The objective of this email approval is to agree on the proposals in Section 2. Two proposed agreements have been agreed in the email reflector. 
In addition, a list of questions is raised in Section 3 to address the remaining issues of sPUCCH design. Views of companies are collected and summarized in this emial discussion.
Agreements achieved by email approval 
The following proposed agreements were agreed by email approval [90b-LTE-10] in the reflector:
Agreement 1:
No HARQ-ACK bundling across DL sTTI is supported when configured with {2,7} sTTI operation.
0. FFS on supporting HARQ-ACK bundling
Agreement 2:
Both semi-static and dynamic codebook size are supported for sHARQ-ACK feedback in sTTI.
0. Independent RRC signalling between using semi-static and dynamic codebook size is separately configured for sTTI configuration {2,2}, {2,7}, {7,7} and 1ms TTI .  

Questions on remaining issues
Remaining issues of SR transmission 
	FromRAN1#90bis:

	Agreement:
· Two sPUCCH resources are configured for SR and 1-bit HARQ-ACK.
· When positive SR and 1-bit HARQ-ACK are to be transmitted on 2/3-symbol sPUCCH in the same sTTI, one resource is used for SR+ACK and another is used for SR+NACK
Agreement:
HARQ-ACK bundling across different TTI lengths is not supported
Agreement:
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 SR (if any) and up to 2 bits HARQ-ACK, the UE shall use sequence-based sPUCCH.
- For SR (if any) and more than 2 bits HARQ-ACK, the UE shall use PF4-based sPUCCH.
- FFS the possible ambiguity of the number of HARQ-ACK and SR bits between eNB and UE


Based on the above agreements, the following cases are indentified for the simultaneous transmission of 2-bit HARQ-ACKand SR in sequence based 2/3-OS sPUCCH: 
· Case 1: The 2-bit HARQ-ACK is comprised of 1-bit sHARQ-ACK and 1-bit HARQ-ACK.(HARQ-ACK bundling is not supported)
· Case 2: The 2-bit HARQ-ACK is for 2 carriers.
If the same mechanism is used for above two cases, then HARQ-ACK bundling of the two HARQ-ACK bits cannot be applied. 
Considering the agreements achieved in the RAN1#90BIS meeting, here we would like to collect companies' view on 2-bit HARQ-ACK+ SR transmission again. 
Question 1: Which option is supported in case positive SR and 2-bit HARQ-ACK are to be transmitted on 2/3-OS sPUCCHin sequence based 2/3-OS sPUCCH. Please provide the reason(s) for your choice.
· Option 1: Four sPUCCH resources are configured for SR with 2-bit HARQ-ACK.
· The four resources are used for SR+'ACK,ACK', SR+'ACK,NACK', SR+'NACK,ACK', SR+'NACK,NACK' respectively. 
· Option 2: Two sPUCCH resources are configured for SR with 2-bit HARQ-ACK.
· One resource is used for SR+'ACK, ACK' and another is used for SR+'NACK, NACK', and SR is dropped in case of simultaneous transmission of SR+'ACK, NACK' and SR+'NACK, ACK'. 
· Option 3: Two sPUCCH resources are configured for SR with 2-bit HARQ-ACK.
· One resource is used for SR+'ACK, ACK' and another is used for SR+'NACK, NACK', and HARQ-ACK is dropped in case of simultaneous transmission of SR+'ACK, NACK' and SR+'NACK, ACK'. 
· Option4: None of the above (please provide your detailed proposal if you choose this option).
	Company
	Views

	Ericsson
	Option 3under the assumption that it is the ACK that is dropped, in which case SR+’NACK,NACK’ is sent (not explicitly stated in the question above). 

Option 1 is using an unnecessary amount of resources, and dropping SR should be avoided (Option 2). Using Option 3, there will be 6 SPUCCH resources required in total, and the SPUCCH resources required for positive SR will be aligned between 1-bit HARQ and 2-bit HARQ (2 SPUCCH resources used in both cases).



	ZTE, Sanechips 
	We are fine with both option 2 and option 3.
Agree with Ericsson that option 1 has too large SR resource overhead. Option 2 and option 3 only need 2 SR resources. This also aligns with the case of 1-bit HARQ-ACK + SR. 
Option 2 with dropping SR for some cases would introduce additional latency, while Option 3 with dropping HARQ-ACK will cause unnecessary retransmission. In the following table, we give an example for option 2. 
Table 1 The multiplexing between SR and 2-bit ACK/NACK with two SR-PUCCH resources
	SR only
	2-bit ACK/NACK + Negative SR
	2-bit ACK/NACK + Positive SR

	
	A, A
	A, N
	N, A
	N, N
	A, A
	A, N
	N, A
	N, N

	CS_SR1
	CS_1
	CS_2
	CS_3
	CS_4
	CS_SR2
	CS_2
	CS_3
	CS_SR1




	Nokia, NSB
	We think the terminology in the question setting is probably incorrect. Our assumption of option 3 is that with positive SR, HARQ-ACK bundling is applied, which is not the same as dropping a HARQ-ACK (note that HARQ-ACK may be either an “ACK“, or a “NACK“). This seems to be also what the figure by Ericsson illustrates. If this is the correct understanding, we support option 3, with a proposed change to the wording:
Option 3a:TwosPUCCH resources are configured for positive SR with 2-bit HARQ-ACK. HARQ-ACK bundling is applied.
· One resource is used for SR+'ACK, ACK' and another one is used for the case of SR+'NACK, NACK', SR+'ACK, NACK' or SR+'NACK, ACK'. 


	Qualcomm
	Option 1.  Option 3 will increase the sTTI latency in case of ACK/NAK where ACK is for the sTTI.

	Huawei, HiSilicon
	Same view as Ericsson. Option 3 with 2-bit HARQ-ACK bundling is supported. 
Firstly, SR should not be dropped since it is important to reduce UL latency, so option 2 is not preferred. And with HARQ-ACK bundling, in case of sACK/NACK, there should be no impact on the sTTI as the sPDSCH has been successfully received and sent to upper layer for processing at UE side even no ACK is fed back to eNB.
Secondly, option 1 will introduce too many sPUCCH resources which should be avoided.
Note that we have agreed to not support HARQ-ACK bundling across different TTI lengths. However, considering the large sPUCCH overhead, we would like to clarify that option 3 can be used for sequence based sPUCCH format but the agreement is still valid for other sPUCCH formats.

	LGE
	Option 1. Agree with Qualcomm. For option 3, it seems that HARQ-ACK bundling between differentTTI lengths are supported, however, it was already agreed not to be supported. 

	Samsung
	Agree with Nokia, i.e., applying HARQ-ACK bundling.


10 companies provided inputs to Q1. Based on the inputs, 
· 6 companies support option 3 with introducing HARQ-ACK bundling, i.e.
· Two sPUCCH resources are configured for positive SR with 2-bit HARQ-ACK. HARQ-ACK bundling is applied.
· One resource is used for SR+'ACK, ACK' and another one is used for the case of SR+'NACK, NACK', SR+'ACK, NACK' or SR+'NACK, ACK'. 
· 2 companies support option 1. 
· 2 companies support option 3 without HARQ-ACK bundling and also fine with option 2. 
The majority view is option 3 with introducing HARQ-ACK bundling, but it breaks the previous agreement that HARQ-ACK bundling across different TTI lengths is not supported. So I prefer to only list the following options for a final decision in RAN1#91 meeting.  
Proposal 1: In case positive SR and 2-bit HARQ-ACK are to be transmitted on 2/3-OS sPUCCH in sequence based 2/3-OS sPUCCH, RAN1 down-selects one of the following options in RAN1#91 meeting. 
· Option 1: Four sPUCCH resources are configured for SR with 2-bit HARQ-ACK.
· The four resources are used for SR+'ACK, ACK', SR+'ACK, NACK', SR+'NACK, ACK', SR+'NACK, NACK' respectively. 
· Option 2: Two sPUCCH resources are configured for SR with 2-bit HARQ-ACK. 
· HARQ-ACK bundling across different TTI lengths is supported when HARQ-ACK carrying on sequence based sPUCCH format. 
· One resource is used for SR+'ACK, ACK' and another one is used for the case of SR+'NACK, NACK', SR+'ACK, NACK' or SR+'NACK, ACK'. 

	FromRAN1#90bis:

	Agreement:
· When only positive SR is to be transmitted on 2/3-symbol sequence based 1-bit sPUCCH, the SR is transmitted on the sPUCCH resource that is used to transmit SR+NACK


Question 2: When only positive SR is to be transmitted on 2/3-symbol sequence based 2-bit sPUCCH, do you support the SR is transmitted on the sPUCCH resource that is used to transmit SR+'NACK, NACK'? Please provide the reasons for your answer. 
	Company
	Views

	Ericsson
	Yes. It follows the same principle as 1-bit, and with Option 3 in Q1, it will be the same SR resource used.

	ZTE, Sanechips
	Yes. Follow the same principle as 1-bit + SR.

	Nokia, NSB
	We are not quite sure how this should work. The resource for NACK (and NACK, NACK) is indicated with ARI. In case there is no DL scheduling, how does the UE know which of the four resources to use (there is the same issue with the previous agreement)? Why not use an RRC configured SR resource instead?

	Qualcomm
	Yes.

	Huawei, HiSilicon
	Yes. For option 3 with 2-bit HARQ-ACK bundling, it is also to be transmitted on sPUCCH for SR+NACK.

	LGE
	Agree with Nokia. We have agreed RRC parameters related to subslot sequence-based sPUCCH resource for HARQ-ACK only and HARQ-ACK+SR. One of four sPUCCH resource groups are indicated by ARI field in sDCI, however, in case only positive SR (without HARQ-ACK) is to be transmitted, there will be no sDCI and which group shall be chosen without any indication to a UE? 
One approach could be to configure one more sPUCCH resource for positive SR only. But, in order to avoid more resource reservation, it would be more preferable to predefine which resource group will be used for only positive SR transmission. 

	Samsung
	No. Another resource can be configured for SR.



10 companies provided inputs to Q2. Based on the inputs, 
· 6 companies support the positive SR is transmitted on the sPUCCH resource that is used to transmit SR+'NACK, NACK' when only positive SR is to be transmitted on 2/3-symbol sequence based 2-bit sPUCCH. 
· 3 companies (Nokia, NSB, Samsung) prefer to use another RRC configured resource for SR only. 
· Also 3 companies (Nokia, NSB, LGE) think the UE may not know which resource group to be used when there is no sDCI indication. 
Based on our understanding, the two/four SR resources configured by RRC have no relationship with the resources in the resource group indicated by ARI. So it seems the issue metioned by Nokia and LGE may not exist. As an example, Table 1 (assuming option 1 is adopted in Proposal 1) is shown for transmission of SR only, or 2-bit ACK/NACK+ Negative SR, or 2-bit ACK/NACK + Positive SR.
	SR only
	2-bit ACK/NACK + Negative SR
(Resources indicated by ARI for HARQ-ACK)
	2-bit ACK/NACK + Positive SR
(Resources indicated by RRC for SR)

	
	A, A
	A, N
	N, A
	N, N
	A, A
	A, N
	N, A
	N, N

	CS_SR1
	CS_1
	CS_2
	CS_3
	CS_4
	CS_SR2
	CS_SR3
	CS_SR4
	CS_SR1



Based on the majority of views, it is proposed to move forward with the following proposal:
Proposal 2: When only positive SR is to be transmitted on 2/3-symbol sequence based 2-bit sPUCCH, the SR is transmitted on the sPUCCH resource that is used to transmit SR+'NACK, NACK'. 

Remaining issues of sPUCCH resource management  
	FromRAN1#90:

	Agreement:
The sequence-based sPUCCH w/o DMRS is supported for up to two HARQ-ACK bits in 2OS sTTI and 3OS sTTI.
· ACK/NACK information map to different sPUCCH resource
· NOTE: sPUCCH resource consist of RB index and cyclic shift
· 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
· Only frequency hopping between sPUCCH symbol(s) is supported (no FH is not supported). 
· 1 RB allocation per symbol
· Hopping pattern for 3-OS sPUCCH (i.e., sTTI#0 and sTTI#5) is {1|2} where | is a hopping boundary.



In legacy LTE, the physical resource blocks to be used for transmission of PUCCH in slot  are given by

                            (1)
-	Formats 1, 1a and 1b:

         (2)

Question 3: For 2/3-OS sequence-based sPUCCH, which option is supported for the PRB determination method? Please provide the reasons for your choice. 
· Option 1: The PRB index is explicitly configured by RRC. 
· Option 2: Based on legacy operation with modification, e.g. 

   (3)

in which, nsl is the index of each frequency hop.  is the number of sPRBs in UL system bandwidth. The variable m is given by (4), 

   (4)


Note: In the sPRB index determination, the equation to calculate the variable m uses the divisor , instead of  (due to OCC-based multiplexing is no longer available); and the equation to calculate hopped sPRB index is per index of nsl, instead of per slot index.
· Option3: None of the above (please provide your detailed proposal if you choose this option).
	Company
	Views

	Ericsson
	Option 3: reuse legacy operation without modification.
In order to ensure multiplexing with legacy PUCCH format 1x (which we have agreed we should strive for) one need to consider the CS hopping per slot (if ignoring the cell specific CS hopping per symbol), which in turn is dependent on the OCC hopping per slot. In our understanding it would be beneficial if the same PUCCH resource index would be used for SPUCCH format 1 as for PUCCH format 1. In case of 7os SPUCCH and FH, or 2/3os SPUCCH, this would mean more PUCCH indices are needed per RB than the number of CSs, but this is to ensure the same hopping over CS across a subframe as 1 ms operation. 
If the above changes are made to minimize PUCCH resource indices required, one should ensure the CS used in the end over the subslot/slot is aligned with 1 ms operation.

	ZTE, Sanechips
	Option 2. 



If the legacy operation without modification is adopted, lots of PUCCH resource indexes cannot be used. For example, assuming c=3 and=1, a sTTI UE with PUCCH resource index =0 would collide with the sTTI UE with index=12 or 24. Because the same CS (different OCC index but which is not applicable for sTTI UE) would be derived based on the same CS/OCC randomization method as legacy LTE. That is indexes from 12~35 cannot be used for sTTI UE using sequence based PUCCH. 
On the other hand, option 2 can solve this problem. 

	Nokia, NSB
	Option 3: Since 2/3-OS sequence-based sPUCCH does not apply OCC, it would be simpler and more logical to reuse the resource determination for legacy PUCCH format 2, by taking the nsPRB definition from option 2. This would lead to following definition:


, where:


The CS mapping can also follow that of PUCCH format 2

	Qualcomm
	Option 1. The UL power computation is dependent on the RB index. If m is given by higher layers, the power computation can be done as soon as the grant is decoded. If RB is dependent on the actual combination of ACK/NAK, then the power control procedure should be done after the TB is decoded/failed. This approach put more pressure on the already very short processing timeline of the UE.

	Huawei, HiSilicon
	Option 1 or option 3. 

Option 3: reusing the formular format 2/2a/2b to achieve. In addition, the multiplexing between 1ms PUCCH PF1/1a/1b and sequence-based 2/3OS sPUCCH has been supported in a mixed RB through different CSs, then the multiplexing of sPUCCH and PUCCH is similar to multiplexing between 1ms PUCCH format 1/1a/1b and1ms PUCCH format 2/2a/2b.
Since OCC is not applied for subslot sequence based SPUCCH, it is not appropriate to derive m from PUCCH format 1/1a/1b, even with some modification. Obviously, option 2 seems complicated.
In our view, Sequence-based 2/3OS sPUCCH can be multiplexed with 1ms PUCCH format 2 in the same RB easily, but it should be carefully multiplexed with 1ms PUCCH PF 1/1a/1b.
· For 1ms PUCCH PF 2, resources are configured by higher layer. 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. Typically, for 1ms PUCCH PF1/1a/1b, implicit PUCCH resource indication is applied according to CCE index of DCI, so multiplexing betweensequence-based 2/3OS sPUCCH and 1ms PUCCH PF1/1a/1b is complicated, which would introduce extra scheduling restriction of 1ms PDCCH. If multiplexing between sequence-based 2/3OS sPUCCH and 1ms PUCCH PF1/1a/1b must be supported, we suggest the multiplexing method between 1ms PUCCH PF1/1a/1b and 1ms PUCCH PF2/2a/2b is reused, which means 1ms PUCCH PF1/1a/1b and sequence-based 2/3OS sPUCCH will be multiplexed in a mixed RB through different CSs.

	LGE
	Option 3. As there is no need to consider multiplexing between PF1 and PF2 within a RB like legacy, the resource and cyclic shift for sPF1 can be determined by reusing the equation of legacy PF2 with slight modification. The index of each frequency hop within sTTI (as indicated in option 2) should be taken into account for determining sPRB. 

	Samsung
	Option 3: Since UL transiten period should be considered for 2/3-OS sTTI, it is better to reduce the number of frequency hopping within subframe.
For example, the same PRB index is used for the last SC-FDMA symbol of sTTI index n and for the first SC-FDMA symbol of sTTI index n+1.
This enables that there can be no frequency hopping across sTTI boundary.



10 companies provided inputs to Q3. Based on the inputs, 
· 5 companies prefer to reuse the resource determination for legacy PUCCH format 2, by taking the nsPRB definition from option 2. 
· 3 companies support option 1, i.e., The PRB index is explicitly configured by RRC. 
· 2 companies support option 2, i.e., reuse legacy operation with modification.
· 1 company supports on reusing legacy operation without modification.
· 1 company prefers there is no frequency hopping across sTTI boundary. But it seems an implementation issue. 
Based on the majority of views, it is proposed to move forward with the following proposal:
Proposal 3: For 2/3-OS sequence-based sPUCCH, the PRB index is determined as follows. 





in which, . nsl is the index of each frequency hop , and  nsl = {0, 1}.  is the number of sPRBs in UL system bandwidth.  is the PUCCH resource indicated by ARI. 

	FromRAN1#90:

	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.


However, it was agreed that dynamic switch between sTTI and TTI is supported, and in case of collision between sPUCCH and PUCCH, sPUCCH will be transmitted while PUCCH will be dropped. That means, the expected number of HARQ-ACK bits transmitted in sPUCCH could be dynamically changed due to the piggyback of 1ms HARQ-ACK. In this case, it would be either resource waste if configuring 4 resources in all the four sPUCCH resource groups, or cannot work if configuring only 2 resources in all the four resource groups. 
[image: ]
															Figure 1sPUCCH resource indicator setting 
Therefore, it's better to clarify the size of each sPUCCH resource group configured for sequence-based PUCCH. 
Question 4:For the four sPUCCH resource groups configured by higher layer for 2/3-OS sequence based sPUCCH, which option is supported for the size of each group? Please provide the reason(s) for your choice.
· Option 1: All four sPUCCH resource groups have four sPUCCH resources. 
· Option 2: At least one group contains two sPUCCH resources, and one group contains four sPUCCH resources. The number of resources in the other groups is 2 or 4, which is up to eNB configuration. 
· Option 3:Two groups can be configured with 2 sPUCCH resources, the other two groups are configured with 4 sPUCCH resources. 
· Option 4: None of the above (please provide your detailed proposal if you choose this option).
	Company
	Views

	Ericsson
	Option 1.
We would expect that the reporting of HARQ ACK bits are done as if both 1 ms and sTTI was reported, irrespective of 1 ms scheduling or not.
Example:
The four PUCCH resources are: R1(AA), R2(AN), R3(NA), R4(NN). The first bit is for sHARQ and the second bit for HARQ.
If only sTTI is to be reported, R2 or R4 is used. This is known by the network and hence it can indicate to other UEs to use R1 and R3.

	ZTE, Sanechips
	Option3. 
Both option 2 and option 3 can solve the issue raised in the background. As for Ericsson’s proposal, we don’t think it can solve the issue very well. Firstly,eNB cannot predict the dynamic change of HARQ bits number. Therefore, R1 and R3 cannot be configured to other sTTI UEs when configured by RRC. When R1 and R3 are known by eNB as available, it would be too late to assign to the other sTTI UEs at that time. Also, the resources (CS in certain RB) cannot assign to legacy UE (its resource is implicitly indicated by the lowest CCE index). 
In addition, option 2 and option 3 can solve the ambiguity if only sDCI is detected and 1ms DCI is missed in Figure 1. Because eNB will assign a PUCCH group with four resources to the UE. Then the UE can distinguish this case and regard 1ms HARQ as NACK.
Considering option 3 is sufficient and simpler than option 2, we prefer to adopt option 3. 

	Nokia, NSB
	Option 1. Even if the UE only needs to feed back 1 bit (and two resources would suffice), there is no harm in indicating four resources to choose from. The regards to multiplexing with 1-ms HARQ-ACK, we agree with Ericsson’s example above.

	Qualcomm
	Option 1. 

	Huawei, HiSilicon
	Option 4, 2 sPUCCH resources for each group.
As answered for Q1, for option 3 with 2-bit HARQ-ACK bundling, only two sPUCCH resources are needed for each group.

	LGE
	Option 1.

	Samsung
	Option 1.


10 companies provided inputs to Q4. Based on the inputs, 
· 6 companies support option 1. 
· 2 companies support option 3. 
· 2 companies support 2 sPUCCH resources for each group since they prefer HARQ-ACK bundling in Q1. But there is a simialr issue wehn sequence based PUCCH is used for CA case.  
Based on the majority of views, it is proposed to move forward with the following proposal:
Proposal 4: For 2/3-OS sequence based sPUCCH, all four sPUCCH resource groups configured by RRC have four sPUCCH resources. 
· In case of 1-bit HARQ-ACK transmisison, the first two resources in the indicated groups are used.
· In case of 2-bit HARQ-ACK transmisison, all the four resources in the indicated groups are used.

Simultaneoustransmission of sPUCCH/sPUSCH + SRS 
	Summarized agreements

	· For the DMRS pattern of7-OS sPUCCH format, it was agreed that,  
· For up to 2 bits: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. 
· For more than 2 bits:For PF3-based format: Reuse DMRS pattern of PUCCH format 3. For PF4-based format: {D R D | D D R D} for the first slot, {D R D D | D R D} for the second slot.
· For the DMRS pattern for 3-OS sPUCCH for more than 2 bits and sPUSCH in sTTI#5 is {R D D}. 
· Hopping pattern for 3-OS sPUCCH for up to 2 bits in sTTI#5 is {1|2} where | is a hopping boundary.


The collision handling of sPUCCH/sPUSCH andSRS may need to be addressed. 
In legacy LTE, the UE behavior depends on SRS trigger types,configuration of multiple TAGs, configuration of more than one serving cell of different CPs and parameter ackNackSRS-SimultaneousTransmission provided by higher layers etc. 
Question 5: In case of collision ofSRS and 7-OS sPUCCH without hopping/7-OS sPUSCH, do you support the legacy behaviour is applied? Please provide the reason(s) for your answer.
	Company
	Views

	Ericsson
	Yes

	ZTE, Sanechips
	Yes

	Nokia, NSB
	Yes

	Qualcomm
	Yes.

	Huawei, HiSilicon
	Yes

	LGE
	Yes

	Samsung
	Yes


Based on the inputs, it is quite aligned for this question. So we propose that, 
Proposal 5: In case of collision of SRS and 7-OS sPUCCH without hopping/7-OS sPUSCH, the legacy UE behaviour is applied. 

Question 6: In case of collision of SRS and 7-OS sPUCCH with hopping/3-OS sPUCCH/3-OS sPUSCH, which option is supported for the UE behaviour? Please provide the reason(s) for your choice.
· Option 1: SRS is dropped and sPUCCH is transmitted. 
· Option 2: SRS is transmitted by puncturing the last symbol of  sPUCCH/sPUSCH
· Option3: Reuse the legacy behavior. 
· Option4: None of the above (please provide your detailed proposal if you choose this option).
	Company
	Views

	Ericsson
	Option 3

	ZTE, Sanechips
	Option3. 
Option 1 will restrict to drop SRS even UE can support simultaneous transmission of SRS and PUCCH as legacy.
Always using Option 2 would have too much impact on sPUCCH and sPUSCH. 

	Nokia, NSB
	For sPUCCH, the transmission should be shortened in the cell specific SRS subframes as in legacy case, i.e. shortened sPUCCH formats are supported for both 3-OS and 7-OS cases.
For 3-OS sPUSCH, whether for transmit data in the SRS symbol or not can follow the DMRS indication in the UL grant.

	Qualcomm
	Option 3.

	Huawei, HiSilicon
	For sPUSCH, 7-OS sPUCCH with FH, we prefer option 3;
For 3-OS sPUCCH, we prefer option 2, since the motivation that the last UL sTTI of each subframe always has 3 symbols, is to support puncturing the last symbol of sPUCCH and transmitting SRS. And when the last symbol is punctured, it still has the same performance with a 2-symbol sPUCCH.

	LGE
	Option 3.

	Samsung
	Option 3



Based on the majority of views, it is proposed to move forward with the following proposal:
Proposal 6: In case of collision of SRS and 7-OS sPUCCH with hopping/3-OS sPUCCH/3-OS sPUSCH, the legacy UE behaviour is applied. 

Question 7: In case of collision of SRS and sPUCCH in UpPTS in SSC#10, do you support that SRS is always dropped ? Please provide the reason(s) for your answer.
	Company
	Views

	Ericsson
	Yes.

	ZTE, Sanechips
	Yes

	Nokia, NSB
	Yes 

	Qualcomm
	Yes.

	Huawei, HiSilicon
	No. The SRS resource in UpPTS is very critical for TDD DL performances, therefore, we prefer to reserve the SRS transmission or whether supporting simultaneous transmission of SR and PUCCH depends on higher layer signaling.

	LGE
	Yes 

	Samsung
	Yes



Question 8:  In case you answered that SRS is always dropped in Q7, do you agree that the 6-symbol design of short SPUCCH will be applied to the 6 symbol transmission in UpPTS
	Company
	Views

	Ericsson
	Yes.

	ZTE, Sanechips
	Yes.

	Nokia, NSB
	Yes

	Qualcomm
	Yes.

	LGE
	Yes. How it looks like will be the same as the last 6 symbols of the second slot sPUCCH.  



Question 9:In case you answered that SRS is not always dropped, please elaborate on the SPUCCH design for format 1/1a/1b, 3 and 4 for the number of SRS symbols you intend to support.
	Company
	Views

	Huawei, HiSilicon
	From one to four SRS symbols can be supported. Therefore, the length of sPUCCH is 2~5. 2/3-OS sPUCCH can reuse the format in FS1, while 4/5-OS sPUCCH FFS.

	
	

	
	



Conbined with the inputs of Q7, Q8 and Q9, it is proposed to move forward with the following proposal:
Proposal 7: In case of collision of SRS and sPUCCH in UpPTS in SSC#10, SRS is always dropped. 
· The 6-symbol design of short SPUCCH will be applied to the 6 symbol transmission in UpPTS. 

PF4-based 2-OS sPUCCH format design 
	FromRAN1#90bis:

	Agreement:
For sPUCCH carrying more than 2-bit ACK/NACK and SR (if any) in 2os/3os sTTI, sPUCCH format based on PUCCH format 4 is supported 
· QPSK is used;
· No frequency hopping within a sPUCCH
· No sequence spreading on data symbol(s)
· One UL DMRS symbol
· Reuse legacy DMRS sequence generation
· The DMRS is in the first symbol for 2/3OS sPUCCH
· The number of RB(s) is configured by higher layer signaling as a value from 1 to 8.
· FFS on whether IFDMA is used


Regarding to PF4-based 2/3-OS sPUCCH format design, there are three alternatives are proposed in the previous email discussion: 
· Alt1: IFDMA is not supported, i.e., reuse the shortened version of PUCCHFormat 4
· Alt2: IFDMA is supported for both RS symbol and data symbol. FFS the supporting RPF value(s).Detailed design is given in [2]
· Alt3: RS sequence with length L is repeated with factor 2 and mapped on the even REs in the frequency domain of the first symbol. Define L out of the (12*N*M+L) QPSK symbols of data as {qi}, i=0,1,2,…,L-1, N is the number of RBs, M is the number of symbols without RS. The output of DFT of {0, q0 , 0, q1 , ..., 0, qL-1, 0, -q0 , 0, -q1 , ..., 0, -qL-1} is mapped onto the odd REs in the frequency domain of the first symbol. The rest 12*N*M QPSK symbols are continuously mapped on the second symbol and third symbol (if any) the same as legacy operation. Detailed design is given in [3]. 
Consideringthe detailed design is not fully discussed in last meeting. To make a fair decision based on technical merit, we would like to encourage companies to provide your technical concern and simulation results for a better comparison. For companies supporting Alt2 or Alt3, please provide your detailed design and how to capture it into specification. 
Question10: For PF4-based 2/3-OS sPUCCH format design,please provide your technical concern /simulation results/detailed design for the following three alternatives.
· Alt1: IFDMA is not supported, i.e., reuse the shortened version of PUCCHFormat 4
· Alt2: IFDMA is supported for both RS symbol and data symbol. FFS the supporting RPF value(s). 
· Alt3: RS sequence with length L is repeated with factor 2 and mapped on the even REs in the frequency domain of the first symbol. Define L out of the (12*N*M+L) QPSK symbols of data as {qi}, i=0,1,2,…,L-1, N is the number of RBs, M is the number of symbols without RS. The output of DFT of {0, q0 , 0, q1 , ..., 0, qL-1, 0, -q0 , 0, -q1 , ..., 0, -qL-1} is mapped onto the odd REs in the frequency domain of the first symbol. The rest 12*N*M QPSK symbols are continuously mapped on the second symbol and third symbol (if any) the same as legacy operation.
	Company
	Views

	Ericsson
	Alt 1. This is simple, has less specification impact, and improves resource management. 
It would also be of interest to know the list of RBs that are supported for Alt2 and Alt3-based designs.

	ZTE, Sanechips
	Alt3. 
In Figure 1 and Figure 2, we provide the simulation results for above alternatives, whereCase 1is Alt 1, Case 2 is Alt3, and Case 3 isAlt 2 with RPF=2. It can be seen about 2dB gain can be achieved by Alt3. 

For Alt 3, a 4*N-point DFT shall be applied if the DMRS sequence length is N. Considering the length-3, 6, 12, 18, 24 CGS were already specified in LTE( NB-IOT/FD-MIMO), then the available number of RBs could be 1, 2, 4, 6, 8 (compared to 1,2,3,4,5,6,8 for legacy). Although 3 or 5 RBs cannot be used, instead 2 or 4 RBs can be applied to achieve asimilar performance as Alt1/2 while saving one PRB. 


                                               Figure 1

Figure 2

	Nokia, NSB
	Alt 1 is preferred for simplicity

	Qualcomm
	Option 2 with RPF = 2 and the maximum number of RBs of 8. Let us assume that 8 RBs are configured, and a given user is indicated to use the REs associated with the odd comb index over both data and DMRS symbols. In this case, a DMRS sequence of length 48 is generated and mapped to the REs on the DMRS symbol (Note that this is the same as the IFDMA approach already agreed for the DMRS transmission of sPUSCH.) For the data transmission, the 48 outputs of the IDFT are mapped to the REs corresponding to the odd comb. This structure allows for multiplexing of 2 UEs. In addition, by expanding the UL transmission over a larger number of RBs (without the need for increasing the total transmit power), gains from channel frequency diversity can be realized.

	Huawei, HiSilicon
	Alt1, for simplicity.

	LGE
	Alt 1 considering the remaining time for this WI. 

	Samsung
	Alt 1.


10 companies provided inputs to Q10. Based on the inputs, 7 companies support Alt 1 with arguement for simplicity. It is claimed by 2 companies that Alt3 can provide about 2 dB gain and the scheme is already mature. 1 company supports 2 Alt 2 and claims that frequency diversity can be realized. 
Based on the majority of views, it is proposed to move forward with the following proposal:
Proposal 8: For PF4-based 2/3-OS sPUCCH format design, IFDMA is not supported, i.e., reuse the shortened version of PUCCH Format 4. 

Others
Do you have any other views on sPUCCH format design? 

Q11 is raised based on the comments from Qualcomm. Please kindly share your views. 
Agreement:
The periodicity of sSR sent on 7OS sPUCCH is set as one of from {0.5ms, 1ms, 2ms, 5ms, 10ms}.

Agreement:
The periodicity of sSR sent on 2/3-OS sPUCCH is set as one of from {1 sTTI, 2 sTTI, 3 sTTI, 4 sTTI, 5 sTTI, 1ms, 5ms, 10 ms}.
 
Question11: Forthe periodicity of sSR sent on 2/3-OS sPUCCH, do you support aperiodicity of 2ms except for {1 sTTI, 2 sTTI, 3 sTTI, 4 sTTI, 5 sTTI, 1ms, 5ms, 10 ms}?
	Company
	Views

	Ericsson
	Yes

	ZTE, Sanechips
	Yes

	Nokia, NSB
	Yes 

	Qualcomm
	Yes.

	LGE
	Yes

	Samsung
	Yes



Based on the inputs, it is quite aligned for this question. So we propose that, 
Proposal 9: For the periodicity of sSR sent on 2/3-OS sPUCCH, 2ms periodicity is supported except for {1 sTTI, 2 sTTI, 3 sTTI, 4 sTTI, 5 sTTI, 1ms, 5ms, 10 ms}.

Question12: For subslot sPUCCH format 4, which option is supported for the number of configured RBs?
· Option 1: {1,2,3,4,5,6,8}
· Option 2: {1,2,3,4,5,6,7,8}
	Company
	Views

	LGE
	Option 1 as legacy.

	Ericsson 
	Option 1 as legacy.

	
	



Based on the inputs, it is proposed to move forward with the following proposal:
Proposal 10: For subslot sPUCCH format 4, the number of configured RBs could be {1,2,3,4,5,6,8}. 

[bookmark: _GoBack]Conclusion
Based on the input of companies, we propose the following proposals for further discussion. 
Proposal 1: In case positive SR and 2-bit HARQ-ACK are to be transmitted on 2/3-OS sPUCCH in sequence based 2/3-OS sPUCCH, RAN1 down-selects one of thefollowing options in RAN1#91 meeting. 
· Option 1: Four sPUCCH resources are configured for SR with 2-bit HARQ-ACK.
· The four resources are used for SR+'ACK, ACK', SR+'ACK, NACK', SR+'NACK, ACK', SR+'NACK, NACK' respectively. 
· Option 2: Two sPUCCH resources are configured for SR with 2-bit HARQ-ACK. 
· HARQ-ACK bundling across different TTI lengths is supported when HARQ-ACK carrying on sequence based sPUCCH format. 
· One resource is used for SR+'ACK, ACK' and another one is used for the case of SR+'NACK, NACK', SR+'ACK, NACK' or SR+'NACK, ACK'. 
Proposal 2: When only positive SR is to be transmitted on 2/3-symbol sequence based 2-bit sPUCCH, the SR is transmitted on the sPUCCH resource that is used to transmit SR+'NACK, NACK'. 
Proposal 3: For 2/3-OS sequence-based sPUCCH, the PRB index is determined as follows. 





in which, . nsl is the index of each frequency hop , and  nsl = {0, 1}.  is the number of sPRBs in UL system bandwidth.  is the PUCCH resource indicated by ARI. 
Proposal 4: For 2/3-OS sequence based sPUCCH, all four sPUCCH resource groups configured by RRC have four sPUCCH resources. 
· In case of 1-bit HARQ-ACK transmisison, the first two resources in the indicated groups are used.
· In case of 2-bit HARQ-ACK transmisison, all the four resources in the indicated groups are used.
Proposal 5: In case of collision of SRS and 7-OS sPUCCH without hopping/7-OS sPUSCH, the legacy UE behaviour is applied. 
Proposal 6: In case of collision of SRS and 7-OS sPUCCH with hopping/3-OS sPUCCH/3-OS sPUSCH, the legacy UE behaviour is applied. 
Proposal 7: In case of collision of SRS and sPUCCH in UpPTS in SSC#10, SRS is always dropped. 
· The 6-symbol design of short SPUCCH will be applied to the 6 symbol transmission in UpPTS. 
Proposal 8: For PF4-based 2/3-OS sPUCCH format design, IFDMA is not supported, i.e., reuse the shortened version of PUCCH Format 4. 
Proposal 9: For the periodicity of sSR sent on 2/3-OS sPUCCH, 2ms periodicity is supported except for {1 sTTI, 2 sTTI, 3 sTTI, 4 sTTI, 5 sTTI, 1ms, 5ms, 10 ms}.
Proposal 10: For subslot sPUCCH format 4, the number of configured RBs could be {1,2,3,4,5,6,8}. 

EPA-3km/h, 1Tx2Rx, 16bits,  TBCC 
Case 1,4RBs	-6	-4	-2	0	2	4	6	8	10	12	0.53657500000000002	0.32328750000000123	0.18750000000000044	9.0025000000000521E-2	4.1274999999999985E-2	1.7793750000000049E-2	7.575000000000034E-3	2.877500000000009E-3	1.0825000000000047E-3	3.6750000000000172E-4	Case 2,4RBs	-6	-4	-2	0	2	4	6	8	10	12	0.41180000000000111	0.23578750000000001	0.12326250000000047	5.8000000000000086E-2	2.6350000000000009E-2	1.0375000000000002E-2	4.4550000000000136E-3	1.6600000000000093E-3	4.700000000000027E-4	2.2625000000000157E-4	Case 3,4RBs	-6	-4	-2	0	2	4	6	8	10	12	0.8692124999999995	0.70545000000000002	0.49885000000000146	0.30080625000000111	0.15710000000000021	7.7581250000000032E-2	3.4135000000000096E-2	1.4104999999999998E-2	5.9225000000000024E-3	2.6750000000000012E-3	Case 3,8RB	-6	-4	-2	0	2	4	6	8	10	12	0.54180000000000061	0.32677500000000032	0.18947500000000067	9.2200000000000018E-2	4.1337500000000034E-2	1.7956250000000031E-2	7.2325000000000202E-3	2.6375000000000157E-3	7.5750000000000405E-4	3.762500000000024E-4	
BLER



EPA-3km/h, 1Tx2Rx, 32bits, TBCC 
Case 1,4RBs	-4	-2	0	2	4	6	8	10	12	14	0.59108125	0.36761875000000038	0.20627500000000001	0.10189062500000012	4.3500000000000011E-2	1.9268750000000071E-2	8.1775000000000268E-3	3.1975000000000163E-3	1.5000000000000046E-3	4.9000000000000259E-4	Case 2,4RBs	-4	-2	0	2	4	6	8	10	12	14	0.41565625	0.229325	0.1190437500000003	5.5156250000000004E-2	2.3059375000000052E-2	9.8781250000000015E-3	4.1637500000000017E-3	1.5237500000000001E-3	7.1250000000000013E-4	2.5875000000000209E-4	Case 3,4RBs	-4	-2	0	2	4	6	8	10	12	14	0.97770625000000222	0.90144999999999997	0.75726875000000005	0.54090000000000005	0.32600000000000123	0.17462187499999987	9.0933750000000008E-2	4.425500000000001E-2	1.9040000000000067E-2	8.2675000000000248E-3	Case 3,8RB	-4	-2	0	2	4	6	8	10	12	14	0.60004375000000065	0.37486875000000164	0.20530625000000041	0.10292187500000002	4.4981250000000014E-2	1.9415625000000061E-2	8.8450000000000247E-3	3.6575000000000188E-3	1.6975000000000067E-3	4.9625000000000027E-4	
BLER
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