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1. Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]At the RAN1 #87, #88 and #88bis meeting, following agreements on sPUCCH formats were achieved [1] – [3]: 
	Agreements:
· At least the following formats should be designed for sPUCCH:
· For sPUCCH supporting up to 2-bit HARQ-ACK and/or SR (if any)
· DMRS based demodulation for 7-symbol sTTI
· FFS on the formats and DMRS design for 2-symbol sTTI
· For sPUCCH supporting more than 2-bit HARQ-ACK and SR (if any)
· DMRS based demodulation for all sTTI lengths
· FFS on encoding methods
· FFS on sPUCCH with channel selection for up to 4-bit HARQ-ACK.
· FFS on support of frequency hopping

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
· FFS: Reuse the legacy UL DMRS design for PUCCH format 4
· FFS: The location of the UL DMRS symbol
· FFS: Variable number of PRB(s) is configured by higher layer signaling.
· FFS on whether IFDMA is used

Agreements:
· For up to 2-bit ACK/NACK and SR (if any), the 2-symbol sPUCCH format is down-selected between
· Option 1: sequence based
· Option 1a: ACK/NACK are indicated by different combinations of cyclic shifts on symbols, with the cyclic shifts on all symbols in each combination are NOT all the same.
· Option 1b: ACK/NACK are indicated by different cyclic shifts, with the same cyclic shift on all symbols.
· Option 2: DMRS based
· Option 2a:  TDM of 1 DMRS symbol and 1 or 2 data symbols
· Option 2b: DMRS sequence and data sequence are transmitted on the same symbol with different cyclic shifts.
Agreements:
· Intra-sTTI frequency hopping is supported for at least one slot-based sPUCCH format
· No intra-sTTI frequency hopping is supported for at least one slot-based sPUCCH format
· No dynamic switch between intra-sTTI frequency hopping and no intra-sTTI frequency hopping for the same slot-based sPUCCH format
· FFS: whether the same slot-based sPUCCH format can support both intra-sTTI frequency hopping and no intra-sTTI frequency hopping

Agreement:
· For evaluation until RAN1#89 to conclude on sPUCCH format for up to 2 A/N bits (no design is excluded):
· Transient impact should be evaluated in the front and/or in the middle and/or at the end of the sPUCCH transmission
· Multi-user simulation
· Up to three users
· Same received power
· No common transient model unless RAN4 feedback is received
Agreement:
The following sPUCCH format carrying up to 2 bits HARQ-ACK and SR (if any) is supported for 7-symbol sTTI:
	 
	sPUCCH format carrying up to 2 bits HARQ-ACK + SR (if any)

	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 
For down-selection:
· Hopping, option1: {D R D | D R R D} for the first slot, {D R R D | D R D} for the second slot
· Hopping, option 2: {D D R | R R D D} for the first slot, {D D R R | R D D} for the second slot
· Other options are not precluded

Note: OCC is not applied across hopping boundary

	Number of RBs for PUCCH resource
	1 RB






In this contribution, we present our views on channel/format design for sPUCCH 
2. PUCCH in a short-TTI (sPUCCH)
For 2-symbol sPUCCH carrying up to 2 bits, the selection between sequence-based and DMRS-based sPUCCH is still under discussion; for 2-symbol sPUCCH carrying more than 2 bits, it was agreed PUCCH format 4 can be baseline. In addition, it was agreed at last meeting the PUCCH format for 7-symbol sPUCCH carrying up to 2 bits can be based on PUCCH format 1/1a/1b. In the following, the remaining issues for 2-symbol sPUCCH and 1-slot sPUCCH are discussed separately.
2.1. sPUCCH for 2/3-symbol sTTI
For 2/3-symbol sPUCCH carrying up to 2-bit ACK/NACK and SR (if any), down selection between DMRS-based and sequence-based format is needed. The discussion is quite similar as what is discussed in the context of NR [4] – [5].
In general, DMRS-based sPUCCH can realize simple detection algorithm of sPUCCH such as channel estimation based on known RS and demodulation based on the estimated channel; Sequence-based sPUCCH cannot apply such simple channel estimation based detection; it requires ML type of detector. However, it is expected that sequence-based sPUCCH should offer better performance than DMRS-based sPUCCH thanks to the power accumulation across the two symbols used for transmission of the ACK/NACK. Besides, it is possible to apply frequency-hopping (FH) between the two symbols without increasing PAPR. 
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(a) Sequence-based sPUCCH w/o intra-sTTI FH		(b) Sequence-based sPUCCH w/ intra-sTTI FH
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(c) DMRS-based sPUCCH
Fig. 1	sPUCCH options.
[bookmark: _GoBack]In order to see the performance difference between these options, we conducted link-level simulations. According to the agreements made at the last meeting, transient period is modelled so that the impacts of transient period in the front and/or in the middle and/or at the end of the sPUCCH transmission is seen. Same transient period modelling is adopted as in [6]; during the transient period, transmit power is linearly decreased within the 20us, and at 20us timing, the power is zero. The impact of transient period in this model is high for sequence-based sPUCCH with frequency-hopping, while it is the same for sequence-based sPUCCH without frequency-hopping and DMRS-based sPUCCH. The results show that sequence-based sPUCCH without intra-sTTI FH offers better performance than DMRS-based sPUCCH due to RS overhead reduction. Furthermore, by applying intra-sTTI FH, the performance of sequence-based sPUCCH can be further improved. With sequence-based sPUCCH format, the UCI including A/N (and/or SR) is delivered by which sequence/code the sPUCCH is transmitted, and different UEs’ UCI can be distinguished by the combination of CAZAC sequence index, Cyclic shift index and/or starting PRB index, at a given time.  
Following is the comparison for the required SNR to achieve the target performance requirements (A-to-N error probability <= 1%, N-to-A error probability <= 0.1%, and D-to-A error probability <= 1%) among the three options in the Fig. 1. The A-to-N and N-to-A performances as a function of average received SNR are added in the appendix part. Each sPUCCH can occupy 1, 2 and 4 PRBs over 2 symbols. ML detection is performed for both sPUCCH structure. Note that DTX-to-ACK error rate is set lower than 1%. As can be seen from the results, sequence-based sPUCCH without frequency hopping can offer generally 1.2 dB and 2.3 dB performance gains in EPA and ETU channels, respectively. The gains can be further improved to 4 dB and 6dB by applying intra-sTTI FH for sequence-based sPUCCH. Due to these reason, sequence-based sPUCCH can be a good candidate for low UCI payload with 2-symbol sTTI.
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(a) EPA channel					(b) ETU channel
Fig. 2	Performance comparison between RS-based and sequence-based sPUCCH.
With respect to option 1a and option 1b, we do not see a fundamental difference between the two options. Although intra-TTI FH can be applied to sequence-based sPUCCH which is beneficial to provide frequency diversity gain, the negative impacts of transition time need to be considered. If frequency-hopping between OFDM symbols cannot be applied or disabled, OCC is applicable in case of option 1b.
Observation:
· The impacts of transient period can be neglected.

Proposal 1:
· For up to 2-bit ACK/NACK and SR (if any), sequence-based sPUCCH format is preferred for 2/3-symbol sPUCCH.
For sPUCCH carrying more than 2-bit ACK/NACK and SR (if any) in 2/3-symbol sTTI, it was agreed that the format is based on PUCCH format 4. In the following, the remaining issues (FFS parts) are discussed based on the agreements made in last meeting. 
Whether to re-use the legacy UL DMRS design for PUCCH format 4.  
In [7], following parameters for UL DMRS in PUCCH format 4 are defined:
· sequence-group-hopping is always enabled;
· n(1)DMRS is common between PUSCH and PUCCH format 4;
· ss is not used for PUCCH format 4 while it is used for PUSCH;
· nRSID and Ncsh_DMRSID for DMRS are independently configured between PUCCH format 4 and PUSCH. 
Therefore, for 2/3-symbol sPUCCH based on PUCCH format 4, following are proposed for UL DMRS design:
· sequence-group-hopping is always enabled;
· n(1)DMRS is common among sPUCCH, sPUSCH, PUCCH, and PUSCH;
· ss is not used for sPUCCH while it is used for sPUSCH;
· nRSID and Ncsh_DMRSID for DMRS are independent among sPUCCH, sPUSCH, PUCCH, and PUSCH.
The location of the UL DMRS symbol.
Three factors need to be considered when determining the UL DMRS locations; First is front loaded DMRS is always better for fast channel estimation; second is the location where the transient period is applied; third is the commonality between different sTTI/TTI lengths considering that DMRS alignment among neighboring cells offer interference randomization on DMRS symbols. As pointed out by [8], the transient period should preferably be placed over DMRS to minimize performance loss.  
Whether the variable number of PRB(s) is configured by higher layer signaling.
For 2/3-symbol sPUCCH format based on PUCCH format 4, one symbol is used for DMRS and one symbol is used for UCI data, using QPSK, the payload size is 24 bits if only 1 PRB is supported. Therefore, it is preferred that the variable number of PRB(s) can be configured by higher layer signaling for 2/3-symbol sPUCCH.  
Whether IFDMA is used.
The operating SNR would be different depending on UCI payload. Therefore, by using IFDMA-based sPUCCH, the RS density can be different depending on operating SNR, the RS overhead can be minimized and multiple UEs can be multiplexed. Besides, this way does not break the single-carrier property, but it is sensitive to the frequency offset.  
Coding scheme. 
Another point needs to be mentioned is the coding scheme since it has not been discussed yet. For 2/3-symbol sPUCCH carrying more than 2 bits based on PUCCH format 4 using one PRB, the payload range is between 3 bits and 24 bits which is within the range of (32, M) or (20, A) RM codes. In case of (32, M) RM code which is used for PUCCH format 3, the maximum length of input bit sequence is 11 bits and the output is 32 bits; therefore, puncturing of 8 bits is necessary. In case of (20, A) RM code which is used for PUCCH format 2, the maximum length of input bit sequence is 13 bits and the output is 20 bits; therefore, cyclic repetition of 4 bits is necessary. TBCC used for PUCCH format 4 requires 8-bit CRC and therefore, it should be used for some range like more than 10 bits, but not preferable for smaller payload such as 4 bits. Note that for larger UCI payload such as 30 bits, TBCC would be the only solution since RM code cannot support such high number. Therefore, for 2/3-symbol sPUCCH carrying more than 2-bit UCI based on PUCCH format 4, the coding scheme should be different depending on the payload of the UCI.
Proposal 2:
· To support PUCCH format 4 based 2/3-symbol sPUCCH,
· UL DMRS design can be defined as following:
· sequence-group-hopping is always enabled;
· n(1)DMRS is common among sPUCCH, sPUSCH, PUCCH, and PUSCH;
· ss is not used for sPUCCH while it is used for sPUSCH;
· nRSID and Ncsh_DMRSID for DMRS are independent among sPUCCH, sPUSCH, PUCCH, and PUSCH.
· The location of the UL DMRS symbol should take fast channel estimation, impact of the transition period, and inter-cell interference randomization into account.
· Variable number of PRB(s) should be configured by higher layer signalling.
· The coding scheme should be different depending on the payload of the UCI, e.g.
· for the payload of 3 ~ [11], RM code should be used
· for the payload beyond [11], TBCC with 8-bit CRC should be used.
· FFS exact value for the boundary between two channel coding schemes.
· FFS Whether IFDMA is used.
2.2. sPUCCH for 1-slot sTTI
For 1-slot sPUCCH, it was agreed that the format supporting up to 2 bits is based on PUCCH format 1/1a/1b. The remaining issue is the down-selection between the two hopping patterns. 
It is preferred to support the option 2 that the hopping pattern is {D D R | R R D D} for the first slot, {D D R R | R D D} for the second slot so that same structure can be used for 1-slot sPUCCH with and without intra-TTI FH. In addition, efficient multiplexing between 1-slot sPUCCH and legacy PUCCH format 1/1a/1b can also be achieved. 
Proposal 3:
· For sPUCCH carrying up to 2-bit ACK/NACK and SR (if any) in 1-slot sTTI, hopping pattern option 2 is supported.
· Hopping, option 2: {D D R | R R D D} for the first slot, {D D R R | R D D} for the second slot.
For1-slot sPUCCH carrying more than 2-bit ACK/NACK and SR (if any), sPUCCH format can be based on PUCCH format 4 and/or 5. This sPUCCH format having larger payload size can support CSI feedback and/or multiple HARQ-ACK bits and SR if any.
Regarding the sPUCCH format structure, principles such as the rate matching, RE mapping and coding scheme e.g. TBCC of PUCCH format 4/5 can be directly re-used. For sPUCCH format based on PUCCH format 4, the sPUCCH resource without multiplexing can occupy multiple PRBs. For sPUCCH format based on PUCCH format 5, the supported number of PRB is one while it can support multiplexing of two UEs in the same PRB/sTTI by applying spreading factor in the frequency domain. To support the same slot-based sPUCCH format applying intra-sTTI FH and no intra-sTTI FH, at least two DMRSs are needed. Regarding the position of the two DMRSs, the transition period is better to be placed over DMRS symbol as proposed in [8]. For 1-slot sPUCCH with intra-TTI FH, same hopping pattern within one subframe can be supported as discussed for 1-slot sPUCCH based on PUCCH format 1/1a/1b. An example is given in figure 2.   
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Fig. 3 1-slot sPUCCH format based on PUCCH format 4/5

Proposal 4:
· For sPUCCH carrying more than 2-bit ACK/NACK and SR (if any) in 1-slot sTTI, sPUCCH format based on PUCCH format 4 and/or PUCCH format 5 is supported 
· Same slot-based sPUCCH format can support both intra-sTTI frequency hopping and no intra-sTTI frequency hopping
· At least two UL DMRS symbols are needed
· FFS the location of the UL DMRS symbol
· Support intra-TTI FH pattern [3,4] for the first slot, [4,3] for the first slot.

For both 2/3-symbol sPUCCH and 1-slot sPUCCH, no support for sPUCCH with channel selection for up to 4-bit HARQ-ACK to avoid reserving large sPUCCH resources.
Proposal 5:
· sPUCCH with channel selection for up to 4-bit HARQ-ACK is not supported for both2/3-symbol sPUCCH and 1-slot sPUCCH.
3. Conclusion
In this contribution, we discussed sPUCCH formats for both 2/3-symbol sTTI and 1-slot sTTI, and reached following observation and proposals.
Observation:
· The impacts of transient period can be neglected.
Proposal 1:
· For up to 2-bit ACK/NACK and SR (if any), sequence-based sPUCCH format is preferred for 2/3-symbol sPUCCH.
Proposal 2:
· To support PUCCH format 4 based 2/3-symbol sPUCCH,
· UL DMRS design can be defined as following:
· sequence-group-hopping is always enabled;
· n(1)DMRS is common among sPUCCH, sPUSCH, PUCCH, and PUSCH;
· ss is not used for sPUCCH while it is used for sPUSCH;
· nRSID and Ncsh_DMRSID for DMRS are independent among sPUCCH, sPUSCH, PUCCH, and PUSCH.
· The location of the UL DMRS symbol should take fast channel estimation and the impacts of the transition period in to account.
· Variable number of PRB(s) should be configured by higher layer signalling.
· The coding scheme should be different depending on the payload of the UCI, e.g.
· for the payload of 3 ~ 24, (20, A) RM code should be used
· for the payload beyond 24, TBCC with 8-bit CRC should be used.
· FFS Whether IFDMA is used.
Proposal 3:
· For sPUCCH carrying up to 2-bit ACK/NACK and SR (if any) in 1-slot sTTI, hopping pattern option 2 is supported.
· Hopping, option 2: {D D R | R R D D} for the first slot, {D D R R | R D D} for the second slot.
Proposal 4:
· For sPUCCH carrying more than 2-bit ACK/NACK and SR (if any) in 1-slot sTTI, sPUCCH format based on PUCCH format 4 and/or PUCCH format 5 is supported 
· Same slot-based sPUCCH format can support both intra-sTTI frequency hopping and no intra-sTTI frequency hopping
· At least two UL DMRS symbols are needed
· FFS the location of the UL DMRS symbol
· Support intra-TTI FH pattern [3,4] for the first slot, [4,3] for the first slot.
Proposal 5:
· sPUCCH with channel selection for up to 4-bit HARQ-ACK is not supported for both2/3-symbol sPUCCH and 1-slot sPUCCH.
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Appendix
Table 1 Simulation parameters
	Parameter
	Value

	Carrier frequency
	4GHz

	Channel model
	EPA, ETU

	No. of UCI bits
	2

	Antenna config.
	1 x 2

	CP overhead
	6.6%

	UE speed
	3km/h

	Channel est.
	Real

	Receiver
	MLD

	Encoding
	Repetition code

	Transient period
	Modelled as in [6]

	Target requirement
	ACK-to-NACK error probability <= 1%
NACK-to-ACK error probability <= 0.1%
DTX-to-ACK error probability <= 1%
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(a) 1 PRB							(b) 2 PRBs
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(c) 4 PRBs
Fig. A	Average A-to-N, N-to-A error rates in EPA channel.
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(a) 1 PRB							(b) 2 PRBs
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(c) 4 PRBs
Fig. B	Average A-to-N, N-to-A error rates in ETU channel.
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