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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN1 Ad-Hoc 1801 meeting, some CRs and open issues have been discussed, and some agreements have been reached. Accordingly specification has been updated based these agreements and CRs. However, there are still some remaining issues including some agreements incorrectly captured or missing and FFS issues need to be resolved. To complete the specification and improve its quality, this contribution includes the  summary on issues including  agreements incorrectly captured or missing  and outstanding  FFS issue on PUCCH structure in short-duration.
[bookmark: OLE_LINK83][bookmark: OLE_LINK84]Discussion
Agreements incorrectly captured for short PUCCH
Correction on PUCCH multiplexing
In 3GPP RAN1 #88-bis meeting [1], multiplexing of different PUCCH formats was discussed and the following was agreed:
Agreements:
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.
· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.
· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH
· FFS: other multiplexing scheme(s) between the two NR-PUCCHs
· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)
In RAN1#90bis, the periodicities of SR for one UE were agreed as 2 symbols and 7 symbols within a slot. According to the above agreements, one UE can transmit one or more PUCCH(s) with the same and different PUCCH formats on different symbols in one slot. However as one slot has 14 symbols, the UE can only transmit at most two long PUCCHs in different symbols in one slot. To add these restrictions for UE behavior, some detailed correction can be found in [2].
Proposal 1: In TS 38.213, add restriction as UE behavior on PUCCH multiplexing in time. The details are in the draft CR (R1-1802694 [2]). 
Correction on DMRS for PUCCH
In clause 6.4.1.3.2.1/6.4.1.3.3.1 of 38.211 v15.0.1, sequence generation for PUCCH format 2/3/4 have been defined as following,
-------------------------------------------------------------------------------------------------------------------------------
6.4.1.3.2.1	Sequence generation

The reference-signal sequence  shall be generated according to

.


where the pseudo-random sequence  is defined in clause 5.2, and  is defined in clause 6.3.2.5.1. The pseudo-random sequence generator shall be initialized with






where  is the OFDM symbol number within the slot,  is the slot number within the radio frame, and  is given by the higher-layer parameter UL-DMRS-Scrambling-ID if provided and by  otherwise.
6.4.1.3.3.1	Sequence generation

The reference-signal sequence  shall be generated according to

,

where  is given by clause 6.3.2.2. 
[bookmark: _Hlk503442428]-------------------------------------------------------------------------------------------------------------------------------
The specification has not defined the length of DMRS for PF2/3/4, and r(m) cannot be generated. To complete the signal generation, the range of parameter m should be defined. The details can be found in [3]. 
Proposal 2: In TS38.211, to define the length of DMRS for PUCCH format 2/3/4, the range of parameter m should be specified. The details are in the draft CR (R1-1802695 [3]).  
Correction on SR only transmission on PUCCH format 0
In clause 6.3.2.2.2 of 38.211 v15.0.2, cyclic shift hopping pattern is defined by m0, mcs and a pseudo sequence. For PUCCH format 0, mcs will be defined in TS38.213. In TS38.213, the value of mcs is only defined for 1 bit/2 bits HARQ-ACK w/wo SR. Since the SR only transmission can be carried by PUCCH format 0, TS 38.213 should add the definition of mcs for SR only transmission on PF0. The text proposal can be find in the following.
[bookmark: _Toc500952698]< Unchanged parts are omitted >
9.2.4	UE procedure for reporting SR
A UE is configured by higher layer paremater SR-configurations a set of configurations for SR transmission.


The UE is configured by higher layers to convey a SR in a PUCCH transmission using either PUCCH format 0 or PUCCH format 1 byhigher layer parameter SR-configurations, a PUCCH resource by higher layer parameter SR-resource providing a PUCCH format 0 resource through higher layer parameter PUCCH-resource-config-PF0 or a PUCCH format 1 resource through higher layer parameter PUCCH-resource-config-PF1, a periodicity in symbols by higher layer parameter SR-periodicity, and an offset  in symbols by higher layer parameter SR-offset for a PUCCH transmission conveying SR as defined in Table 9.2.4.





If a UE transmits positive SR using PUCCH format 0, the UE determines a value of  and  for computing a value of cyclic shift   [4, TS 38.211] where  is provided by higher layer parameter PUCCH-F0-F1-initial-cyclic-shift, and  is 0.
< Unchanged parts are omitted >

FFS issue on short PUCCH
HARQ-ACK on PUCCH format 0/1
In clause 9.2.3 of 38.213 v15.0.2, Mapping of values for one or two HARQ-ACK bits w/wo SR to sequences are shown as following.
Table 9.2.1-3: Mapping of values for one HARQ-ACK bit to sequences
	HARQ-ACK Value
	0
	1

	Sequence cyclic shift
	

	



Table 9.2.1-4: Mapping of values for two HARQ-ACK bits to sequences
	HARQ-ACK Value
	{0, 0}
	{0, 1}
	{1, 1}
	{1, 0}

	Sequence cyclic shift
	

	

	

	



Table 9.2.5-1: Mapping of values for one HARQ-ACK bit and positive SR to sequences
	HARQ-ACK Value
	0
	1

	Sequence cyclic shift
	

	



Table 9.2.5-2: Mapping of values for two HARQ-ACK bits and positive SR to sequences
	HARQ-ACK Value
	{0, 0}
	{0, 1}
	{1, 1}
	{1, 0}

	Sequence cyclic shift
	

	

	

	



For the following three cases with type 2 HARQ-ACK codebook (dynamic HARQ-ACK codebook), misunderstanding between eNB and UE will happen.
[image: ] [image: ]
					     (a) 									(b)
[bookmark: _Ref505786018]Figure 1. Examples of misunderstanding HARQ-ACK feedback between gNB and UE; without SR transmission (Fig. 1 (a)) and with SR transmission (Fig. 1 (b)).
In Case 1, as shown in Figure 1(a), if the PDCCH scheduling PDSCH2 is missed, misunderstanding between gNB and UE will happen. If PDSCH1 is correctly received, UE will transmit ACK with [image: ], then gNB will interpret it as {ACK, ACK}. In this case, gNB will regard PDSCH2 as successfully received which will lead to failure of PDSCH2 reception. 
In Case 2, as shown in Figure 1(b), if the PDCCH scheduling PDSCH2 is missed, misunderstanding between gNB and UE will happen. If PDSCH1 is wrongly received and positive SR will be requested, UE will transmit NACK with [image: ], then gNB will interpret it as {NACK, ACK}. In this case, eNB will regard PDSCH2 as successfully received which will lead to failure of PDSCH2 reception. 
In Case 3, for PUCCH format 1, according to the BPSK and QPSK modulations, the HARQ-ACK bit(s) shall be modulated as in Table 1. ACK and {ACK, ACK} are modulated as the same complex-valued modulation symbol. Therefore, as shown in Figure 1(a), if the PDCCH scheduling PDSCH2 is missed and PDSCH1 is correctly received, UE will transmit ACK, then gNB will interpret it as {ACK, ACK}, which will lead to failure of PDSCH2 reception.

[bookmark: _Ref506149616]Table 1. Modulation symbol  for PUCCH format 1.
	PUCCH format
	

	


	1
	0
	


	
	1
	


	
	00
	


	
	01
	


	
	10
	


	
	11
	



Therefore, to avoid the misunderstanding between UE and gNB, current resource mapping tables for PUCCH format 0/1 need to be modified, and details can be found in [4].
Proposal 3: For PUCCH format 0 with negative SR, ACK and {ACK, ACK} shall correspond to different PUCCH sequence cyclic shifts.
Proposal 4: For PUCCH format 0, NACK sequence cyclic shift with positive SR should be different from {NACK, ACK} sequence cyclic shift with negative SR.
Proposal 5: For PUCCH format 1, ACK and {ACK, ACK} shall correspond to different complex-valued modulation symbol.
Aperiodic CSI feedback on PUCCH
In 3GPP RAN1 meeting [5], aperiodic CSI feedback on PUCCH is discussed, and the following was agreed:
Agreements:
· No concensus in RAN1#91 on how to support A-CSI on short PUCCH in Rel-15. 
· Thus, A-CSI on short PUCCH is not part of RAN1 specification for completion by Dec. 2017.
Based on the agreement, A-CSI on PUCCH is not discussed in the first version of Rel-15. But in our opinion, to enable fast aperiodic CSI feedback, A-CSI feedback on PUCCH is still needed in the future version of Rel-15. In accompanying contributions, we discuss the triggering mechanism of A-CSI on short PUCCH firstly. The benefit of triggering A-CSI in DL assignment is analyzed and A-CSI triggered by DL-related DCI is supported. Then, the potential issues on multiplexing of A-CSI and HARQ-ACK are discussed. When HARQ-ACK and A-CSI are triggered by one DCI, besides using same PUCCH resource, using different PUCCH resource the flexibility will supply flexibility of scheduling for the gNB, so both of these two method can be supported too. Meanwhile, the feedback delay of A-CSI and HARQ-ACK can be different, and hence these two messages can be fed back using the same PUCCH resource in different slots. Further, when HARQ-ACK and A-CSI are triggered by two DCIs respectively, two different PUCCH resource should be used to avoid the misunderstanding of payload size. For the more details, please refer to contribution [6]. Finally, we propose the low-latency CSI (LL-CSI) report on short PUCCH [7], i.e., an enhanced implementation method for A-CSI on short PUCCH which is mainly designed for quick link adaption in DL repetitions. The LL-CSI is measured and obtained from DMRS in PDSCH (and hence greatly reduces the required processing time) and only the SINR gap (i.e., the gap between the achievable SINR and the target SINR) is reported, which is able to aid the gNB to adjust the transmission power and MCS in the subsequent transmissions. Besides, since LL-CSI is mainly used for quick link adaption in DL repetitions, it is only useful when the data is unsuccessfully decoded. Hence a novel joint encoding and transmission scheme is designed for HARQ-ACK and LL-CSI. Specifically, 
· For ACK, LL-CSI is dropped and ACK is fed back since the subsequent transmission can be omitted.
· For NACK until the last repetition, LL-CSI is dropped and NACK is fed back to inform the unsuccessful data reception to gNB and maybe trigger next repetition process.
· For NACK before the last repetition, NACK is dropped and LL-CSI is fed back to aid the link adaption in the next transmission.
[bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK113]Proposal 6: For triggering A-CSI on short PUCCH, 
· The CSI report is triggered with CSI request field in DL-related DCI.
Proposal 7: If HARQ-ACK and A-CSI are triggered by same DL-related DCI, support same PUCCH resource for HARQ-ACK and A-CSI.
Proposal 8: HARQ-ACK and A-CSI may have either the same feedback timing or different feedback timings, and the reporting delay for A-CSI should be small, e.g., Y=0 and Y=1.
Proposal 9: If A-CSI and HARQ-ACK triggered by two DCIs are reported on the same slot, different PUCCH resources in TDM manner for the A-CSI and HARQ-ACK should be used.
· If the DCI triggering A-CSI is detected, UE should transmit A-CSI on the PUCCH resource indicated by this DCI.
Proposal 10: Low latency CSI (LL-CSI) report based on CSI measurement from DMRS should be supported, in which the CQI difference is fed back for MCS adjustment at gNB.
Proposal 11:  The following joint encoding and feedback method should be supported for HARQ-ACK and LL-CSI report.
· For ACK, LL-CSI is dropped and ACK is fed back,
· For NACK until the last repetition, LL-CSI is dropped and NACK is fed back,
· For NACK before the last repetition, NACK is dropped and LL-CSI is fed back.
Conclusion
Based on above discussions, the following proposals are given: 
Proposal 1: In TS 38.213, add restriction as UE behavior on PUCCH multiplexing in time. The details are in the draft CR (R1-1802694 [2]). 
Proposal 2: In TS38.211, to define the length of DMRS for PUCCH format 2/3/4, the range of parameter m should be specified. The details are in the draft CR (R1-1802695 [3]).  
Proposal 3: For PUCCH format 0 with negative SR, ACK and {ACK, ACK} shall correspond to different PUCCH sequence cyclic shift.
Proposal 4: For PUCCH format 0, NACK sequence cyclic shift with positive SR should be different from {NACK, ACK} sequence cyclic shift with negative SR.
Proposal 5: For PUCCH format 1, ACK and {ACK, ACK} shall correspond to different complex-valued modulation symbol.
Proposal 6: For triggering A-CSI on short PUCCH, 
· [bookmark: _GoBack]The CSI report is triggered with CSI request field in DL-related DCI.
Proposal 7: If HARQ-ACK and A-CSI are triggered by same DL-related DCI, support same PUCCH resource for HARQ-ACK and A-CSI.
Proposal 8: HARQ-ACK and A-CSI may have either the same feedback timing or different feedback timings, and the reporting delay for A-CSI should be small, e.g., Y=0 and Y=1.
Proposal 9: If A-CSI and HARQ-ACK triggered by two DCIs are reported on the same slot, different PUCCH resources in TDM manner for the A-CSI and HARQ-ACK should be used.
· If the DCI triggering A-CSI is detected, UE should transmit A-CSI on the PUCCH resource indicated by this DCI.
Proposal 10: Low latency CSI (LL-CSI) report based on CSI measurement from DMRS should be supported, in which the CQI difference is fed back for MCS adjustment at gNB.
Proposal 11:  The following joint encoding and feedback method should be supported for HARQ-ACK and LL-CSI report.
· For ACK, LL-CSI is dropped and ACK is fed back,
· For NACK until the last repetition, LL-CSI is dropped and NACK is fed back,
· For NACK before the last repetition, NACK is dropped and LL-CSI is fed back.
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