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As the first version of NR NSA specification is published, to resolve remaining issues and facilitate the completion of  standardization for NR PUCCH structure in long duration, this summary serves two purposes based on the review of the submitted contributions for RAN1 92 meeting
· Identify necessary corrections and missing agreements in spec
· Resolve remaining issues essential to Rel-15 features

Summary of necessary corrections and missing agreements
After reviewing the submitted Tdoc, some important corrections/missing arguments could be summarized as follows
1. Correction on UCI repetition procedure
2. Correction on PUCCH multiplexing
3. SR only transmission on PUCCH format 1

Key correction 1: Correction on UCI repetition procedure
In 9.2.6 of TS 38.213, the description of slot determination procedure for UCI repetition is not aligned with the agreement reached in RAN1#91
Agreement:
· When a UE receives a grant to transmit the long PUCCH over K slots where K is configured by higher layers, with duration of N symbol in each slot indicated by the DCI grant, with transmission starting in slot M, the UE is expected to do the following 
· If the UE receives the semi-static UL/DL configuration, the UE is expected to transmit the long PUCCH on the slot(s), starting from slot M, where the number of consecutive UL (FFS:  and/or Unknown) symbols >= N starting at the starting symbol indicated by PUCCH resource allocation. This continues until the UE has transmitted K slot(s) of long PUCCH.
· If the UE does not receive any semi-static UL/DL configuration, the UE is expected to transmit long PUCCH over K consecutive slots, starting from slot M, starting at the starting symbol in each slot indicated by PUCCH resource allocation.

In the agreement, the consecutive UL symbols is equal to or larger than N. But in the 9.2.6 of TS38.213, the consecutive UL symbols is only equal to N. Also some grammatical mistakes need to be corrected.
Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 2-1: Change the description of slot determination procedure for UCI repetition in 9.2.6 of TS 38.213 to align with the above agreement in RAN1#91.
Suggested TP is contained in [R1-1802689]

Key correction 2: Correction on PUCCH multiplexing
In 3GPP RAN1 #88-bis meeting, multiplexing of different PUCCH formats were 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 clarify the UE behavior on PUCCH multiplexing in time, it is therefore necessary to add UE restriction in the description of PUCCH multiplexing in time
Proposal 2-2:  In clause 9.2.3 of TS 38.213, add UE behaviour restrictions in the description of PUCCH multiplexing in time.
Suggested TP is contained in [R1-1802694]

Key correction 3: Correction on SR only transmission on PUCCH format 1

Since SR only transmission on PUCCH format 1 has been supported, in 6.3.2.4.1 of TS 38.211, the complex-valued symbol  should be defined for this cases:
Proposal 2-3:  Similar as in LTE’s design, d(0) for NACK and (NACK, NACK),  can be used for SR only transmission.
Suggested TP is contained in [R1-1801340]


Summary of key issues
After reviewing the submitted Tdoc, some remaining key issues are identified and summarized as follows

1. Multiplexing other uplink physical signals or channels with long PUCCH repetition transmission
2. Intra-slot frequency hopping pattern
3. Determination of slots for multi-slot long PUCCH transmission
4. Group re-ordering of new CGS
5. Frequency-hop level group hopping
6. Mapping direction in Frequency Domain for PUCCH format 2 and 3
7. Multiple SRs overlapped with PF2/3/4
8. Partial overlap of different PUCCH 

Key issue 1: Multiplexing other uplink physical signals or channels with long PUCCH repetition transmission
When other uplink physical signals or channels collide with long PUCCH with repetitions in multiple-slot, how to treat the other uplink physical signals or channels is an open issue. The companies who are interested in this issue are shown their preference below from the submitted proposals.
· Drop other uplink physical signals or channels
· vivo, Samsung
· If the start symbol of the PUSCH transmission is earlier than the very first symbol of the multi-slot PUCCH transmission, the PUCCH transmission in the corresponding slot is dropped and starts from the next available slot. Otherwise, the PUSCH transmission is dropped.
· LG

In addition, the priority of the PUSCH need to be considered for example for URLLC and GF transmission. In such case, the PUCCH may be dropped or postponed.

Proposal 3-1: 
When other uplink physical signals or channels collide with long PUCCH repetition transmission, consider the following options
· Drop other uplink physical signals or channels
· Drop or postpone PUCCH 

Key issue 2: Intra-slot frequency hopping pattern
In TS 38.213, the description of intra-slot hopping pattern is missing in Section 9.2.6. Using different frequency hopping pattern in different slot can improve the frequency diversity. The companies who are interested in this issue are shown below with their preference from the submitted proposals.
· The hopping patterns are different for different slots to improve the frequency diversity
· AT&T (configure different hopping offset in different slot)
· Huawei (Intra-slot hopping pattern can be switched between slots)

This issue needs to be discussed and concluded for the spec. The following options could be considered
Proposal 3-2: 
Consider the following options for intra-slot hopping pattern for long PUCCH over multi-slots
· Opt 1:  The intra-slot hopping pattern is the same for each slot
· Opt 2: The intra-slot hopping pattern can be different for each slot 

Key issue 3: Determination of slots for multi-slot long PUCCH transmission
According to the agreements at RAN1#AH_1801, PUCCH over multi-slots can be transmitted by the UE on unknown symbol(s) indicated by semi-static DL/UL assignment configuration. However, the unknown symbol(s) can also be used as the DL/UL switching gap or configured to transmit SS/PBCH block. So when the UE determines slots for transmitting long PUCCH on multiple slots, the slots should be determined by considering one or two unknown symbols(s) as the DL/UL switching gap and excluding semi-static unknown symbols configured to transmit SS/PBCH block [WILUS Inc, R1-1802935]. For that, the following proposal could be considered
Proposal 3-3: 
· When the UE determines slots for transmitting long PUCCH on multiple slots, the slots should be determined by considering one or two flexible symbols(s) as the DL/UL switching gap and excluding semi-static unknown symbols configured to transmit SS/PBCH block.

Key issue 4: Group re-ordering of new CGS
In NR, base sequences with different lengths are divided into 30 groups. In order to reduce inter-cell interference, the cross-correlation of sequences with different lengths from different groups should be minimized. However, after introducing new sets of CGS in NR to reduce the PAPR, re-ordering (grouping) is not done to achieve the abovementioned purpose. The consequences would be that even though PAPR within each cell is reduced as compared with LTE, the inter-cell interference could still be high due to the lack of necessary re-ordering (grouping). Such inter-cell interference could be seen in some scenarios 
· PF0/1 UCI and PF1 DMRS collide with DMRS of PF3 
· PF3 DMRS collide with PF3 DMRS with different lengths (due to different number of PRB allocated)
· DMRS of PUSCH collide with DMRS of PUSCH with different length

The proposals to re-ordering of CGS among groups are proposed by [Huawei, R1-1802691] and [ZTE, R1 -1801626], which could be summarized as follows
Proposal 3-4: 
· Re-ordering of length-24, length-18 and length-12 CGS should be supported.

Key issue 5: Frequency-hop level group hopping
In LTE, the base-sequence was hopped on each frequency-hop. One of the frequency-hops has the same base sequence, while the base sequence in the other frequency hop can be different. To maintain the similar robustness of inter-cell interference as LTE PUCCH, frequency-hop level base sequence hopping could be considered for NR
· Support
· NTT DCM, Panasonic, ZTE.

Based on the supporting companies of each alternative, the following proposal could be considered
Proposal 3-5: 
· Frequency-hop level base sequence hopping is supported.

Key issue 6: Mapping direction in Frequency Domain for PUCCH format 2 and 3
The resources in frequency domain for a PUCCH resource are given by the starting PRB index for each hop in case of frequency hopping and the maximum number of allocated PRBs which is the same for both hops. Moreover, as per agreement below the number of utilized PRBs depends on the payload size and the max configured code rate and can be less than the number of configured PRBs. In case a PUCCH hop is close to the upper edge of UL BWP, mapping upward in frequency domain can result in inefficient resource utilization since it would be complicated to efficiently use the configured and unused resources for other purposes.
· Support
· E///.
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For that, the following proposal can be considered as proposed in [Ericsson, R1-1803234],
Proposal 3-6: 
· If Frequency hopping is enabled,
· For the hop with a PRB start index closer to the upper edge of the UL BWP, the mapping of the PUCCH REs in FD is done in decreasing order of the sub-carrier indexing. 
· For the other hop, the mapping of the PUCCH REs in FD is done in increasing order of the sub-carrier indexing.

Key issue 7: Multiple SRs overlapped with PF2/3/4
In last meeting, a conclusion on multiple SRs overlapped with PF2/3/4 was agreed:
Agreements:
· If a UCI transmission on a PUCCH form a UE using format 2 or 3 or 4 overlaps in time with K PUCCH resources, each configured for a SR, X bits are used to represent a SR being indicated by the UE and appended to the end of HARQ-ACK followed by CSI.
· Note: X is used to indicate both the presence or absence of SR and which of the K configured SR is embedded.
· FFS: X=ceil(log2(K+1))
· FFS PUCCH formats 0 & 1
Based on the agreement, value of X need to be FFS, and there are two options:
· X = ceil(log2(K+1)) where K is the number of PUCCH resource configured for SR overlap with PF2/3/4
Support: Lenovo, Intel, Samsung, sharp, HW
· X = ceil(log2(M+1)) where M is the number of configured SR resource
Support: Ericsson.

As up to 8 SR resource could be configured, so total X=4 bits needs to be used all the time to indicate which SR is transmitted (or none of them are transmitted), while K could vary depend on the number of SR resource actually colliding with PF2/3/4, and therefore, fewer bits could be needed overall.  Given that, the following proposal could be considered
Proposal 3-7: 
· X = ceil(log2(K+1)), where K is the number of PUCCH resource configured for SR overlap with PF2/3/4


Key issue 8: Partial overlap of different PUCCH
Unlike in LTE, the start and duration of PUCCH in NR is very flexible and dynamic, it is very likely that different PUCCH could collide with each other fully or partially even with the efforts of gNB on their scheduling to avoid that. For example, semi-static configured SR transmission may collide with very dynamically scheduled PUCCH to carry HARQ-ACK. To solve such collisions, some rules need to be defined and followed by both gNB and UE to reduce the misunderstanding on what is actually transmitted in the end. 
This issue was discussed extensively at last meeting (RAN 1 Ad-Hoc 1801), however, due to the complication of the issue from various combination/aspects, no clear conclusion can be drawn. In this meeting, through review of the submitted contributions, the following observations could be summarized
· For SR and HARQ-ACK partial overlap

Table 1. Partial Overlap of SR and HARQ-ACK
	
	AN with format 0
	AN with format 1
	AN with format 2/3/4

	SR with format 0
	Drop SR at least overlapped symbols:
Lenovo (or AN), CATT (SR after), Intel (drop all SR when k>1), Nokia (logical OR over all K SR processes)

Drop SR or AN depends on priority
Panasonic

Multiplexing on the AN resource
CATT (SR before), Ericsson, Oppo, Intel (k=1), LGE, Panasonic

Change CS of overlapping symbols on AN resource
ZTE

	Drop SR at least overlapped symbols:
Lenovo (or AN), CATT, Ericsson (all SR is dropped),

Drop SR or AN depends on priority
Panasonic, ZTE(drop AN hop containing overlapping symbol if SR prioritize) 

Multiplexing:
Panasonic

Bundle HARQ-ACK 
Oppo

Change CS of overlapping symbols on AN resource
ZTE

	Multiplexing (jointly coding) on AN resource:
Lenovo (SR before), CATT, Ericsson, Oppo, LGE, Nokia (AN PF2 and SR PF0), Panasonic, ZTE


Puncture short into long:
Oppo


Drop SR at least overlapped symbols:
Lenovo (SR after) 

Drop AN:
Oppo (SR before)

Drop SR or AN depends on priority
Panasonic


	SR with format 1
	Drop SR at least overlapped symbols:
Lenovo (or AN), CATT, Intel (drop all SR when k>1)

Multiplexing on the AN resource
 Ericsson, Oppo (SR after), Intel (k=1), LGE

Drop AN:
Oppo (SR before)

Change CS of overlapping symbols on SR resource
ZTE
	Drop SR at least overlapped symbols:
Lenovo (or AN),CATT, Ericsson (not fully contained)
Drop SR or AN depends on priority
Panasonic, ZTE(drop SR hop containing overlapping symbol if SR prioritize)

Multiplexing on the AN resource
Erisson ( SR is fully contained), Panasonic

Channel selection (similar to LTE):
Oppo, LGE
	



· For HARQ-ACK/SR and CSI partial overlap

Table 2. HARQ-ACK/SR and CSI partial overlap w/o scheduling a new resource
	
	AN/SR with format 0/1
	AN/SR with format 2
	AN/SR with format 3/4

	CSI with format 2
	Jointly Coding on CSI resource:
Lenovo (SR only and before),
Drop SR at least overlapped symbols:
Lenovo (SR only and after),

	Jointly Coding on CSI resource:
Lenovo (SR only and before),
Drop SR at least overlapped symbols:
Lenovo (SR only and after),

	Jointly Coding on CSI resource:
Lenovo (SR only and before),
Drop SR at least overlapped symbols:
Lenovo (SR only and after),


	CSI with format 3/4
	Jointly Coding on CSI resource:
Lenovo (SR only and before),
Drop SR at least overlapped symbols:
Lenovo (SR only and after),


	Jointly Coding on CSI resource:
Lenovo (SR only and before), 
Drop SR at least overlapped symbols:
Lenovo (SR only and after),

	Jointly Coding on CSI resource:
Lenovo (SR only and before), Nokia (Part 1 only)
Drop SR at least overlapped symbols:
Lenovo (SR only and after),

Puncturing short into long
Nokia





Table 3. HARQ-ACK/SR and CSI partial overlap w/ scheduling a new resource
	
	AN/SR & CSI with format 2
	AN/SR & CSI with format 3/4

	CSI with format 2
	Jointly Coding on a resource with configured max code rate:
CATT, Ericsson


	CSI with format 3/4
	Jointly Coding CSI Part 1on a resource with configured max code rate and drop CSI part 2:
CATT, Ericsson
	Jointly Coding CSI part 1on a resource with configured max code rate and separately coding CSI part 2:
CATT, Ericsson




Other channels collisions including SRS and PUCCH. In general, a couple of options have been discussed which can be considered 
· Drop one PUCCH channel completely or partially
· Multiplexing different PUCCH
· Puncturing one PUCCH and transmit the other in overlap period
To determine which channel is dropped or punctured, some priorities are also proposed
· Timeline priority (e.g., whoever scheduled to be transmitted first will be kept)
· UCI priority (e.g., HARQ-ARQ > SR > CSI)
All these aspects could be further discussed during the meeting in order to move forward. 
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Appendix: Past meeting agreement
Agreements:
· 

 is to be replaced by  in  and  in clause of 6.3.2.6.4  in TS 38.211 

Agreements:
· Revise  to  and  to . for UCI scrambling for PUCCH format 3 & 4 in clause of 6.3.2.6.1 of TS 38.211.
Agreements:
· To introduce a linkage in the spec between CS index of DMRS and index of OCC for pre-DFT-OCC (PUCCH PF4) as following 
· 0,6,3,9 (CS index of DMRS ) ->  0,1,2,3 (index for OCC) for SF = 4 
·  0,6 (CS index of DMRS ) -> 0,1  (index of OCC)  for SF =2
Agreements:
· Revise “length of the orthogonal cover code” to “Spreading factor of PUCCH format 4” in clause of 9.2.1 of TS38.213 for multiplexing capacity of PUCCH format 4.

Agreements:
· For PUCCH format 1, time domain OCC index obtained from PUCCH resource is used as OCC index for both UCI and DMRS within each hop when frequency hopping is enabled or within the duration of PUCCH when frequency hopping is disabled.

Agreements:
· The ‘unknown’ symbols in semi-static DL/UL assignment can be used for long PUCCH transmission over multiple slots when a UE receives a grant to transmit the long PUCCH
Agreements:
· Add to clause of 6.3.2.1, 38.211 to clarify the hopping boundary in time when frequency hopping is enabled for PUCCH format 1, 3 and 4, the number of symbols in the first hop is given by floor(PUCCH length in symbols/2). 

Agreements:
For inter-slot hopping pattern for long PUCCH over multiple slots, the following options can be down-selected
· A first PRB for PUCCH transmission is provided by higher layer parameter PUCCH-starting-PRB and a second PRB for PUCCH transmission is provided by higher layer parameter PUCCH-2nd-hop-PRB (already agreed)
· After long PUCCH over multiple slot starts, the first PRB is used for PUCCH transmssion in the even slot, the second PRB is used for PUCCH transmssion in the odd slot. 
· The slot index is counted after long PUCCH starts regardless if it is actually used for long PUCCH transmssion over multiple slots
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