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[bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
As the first version of NR NSA 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 to RAN1 92 bis meeting
· identify necessary connections and missing agreements in spec
· resolve remaining issues essential to the spec 

Summary of necessary connections and missing agreements
After reviewing the submitted Tdoc, some important corrections/missing arguments could be summarized as follows
1. Correction on PUCCH multiplexing
2. CR for multiple-CSI case
3. CR for multiplexing CSI and HARQ-ACK for SPS PDSCH
4. CR for intra-slot frequency hopping
5. CRC and CSI dropping

Key correction 1: 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)
According to the above agreement, one UE can transmit up to two PUCCH(s) with the same and different PUCCH formats on different symbols in one slot. However, in RAN1#90bis, the periodicities of SR for one UE were agreed as 2 symbols and 7 symbols within a slot, therefore, there could be more than two PUCCH carrying SR in a slot. Whether maximum number of PUCCH in one slot shall be specified needs to be discussed and clarified. 
· Companies discussed this subject in their Tdoc:  Huawei, QC, ZTE

Proposal 2-1: In clause 9.2.3 of TS 38.213, add UE behavior restrictions in the description of PUCCH multiplexing in time.
Reference TP [R1-1804451]

Proposed TP for TS38.213

------------------------------------- Beginning of change -------------------------------------------------------------
[bookmark: _Ref500241945][bookmark: _Toc501054891][bookmark: _Toc485734673]9.2.3	UE procedure for reporting HARQ-ACK




A UE may transmit one or two more PUCCHs with the same and different PUCCH formats, on a serving cell in different symbols within a slot of  symbols as defined in [4, TS 38.211]. With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception or a DCI format 1_0 indicating a SPS PDSCH release over a number of symbols where the last symbol is within slot , the UE shall provide corresponding HARQ-ACK information in a PUCCH transmission within slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format.
--------------------------------------------- End of change ----------------------------------------------------------------

Key correction 2: CR for multiple-CSI case
Based on the following agreement of CSI reporting made in RAN1#92, one PUCCH resource should be determined to transmit multiple-CSI reporting from J>=1 multi-CSI PUCCH resources, and CSI dropping may be used if needed.
Agreement:
· Which of the J>=1 multi-CSI PUCCH resources are used to transmit the colliding CSI reports is determined as follows:
· Choose the multi-CSI PUCCH resource with the smallest capacity but such that the CSI payload of all colliding CSI reports is not larger than the capacity
· If no such resource is configured, choose the largest multi-CSI PUCCH resource and apply dropping rules 

Considering the agreements refer to the procedures of PUCCH transmission, the description of procedures for multiple-CSI reports on PUCCH should be included in TS 38.213
· Proposing company: OPPO [R1-1804006]

Given that, the following proposal could be considered
Proposal 2-2:  Add description of the procedures for multiple CSI reports on PUCCH in TS 36.213.

Key correction 3: CR for multiplexing CSI and HARQ-ACK for SPS PDSCH
In Sec 9.2.5.2 of TS38.213, the current description is to determine the PUCCH resource by the total payload size of CSI and HARQ-ACK for SPS. But the agreement is to determine one PUCCH resource for multi-CSI, then consider how to multiplex a multi-CSI PUCCH and HARQ-ACK for SPS.
· Proposing company: OPPO [R1-1804006]

Given that, the following proposal could be considered
Proposal 2-3: Change the description of multiplexing of CSI and HARQ-ACK/SR without a corresponding PDCCH in 9.2.5.2 of TS 38.213 to align with the agreement in RAN1#92.

Key correction 4: CR for intra-slot frequency hopping
In RAN1 #92, it was agreed that PUCCH format 0 and 1 with frequency hopping (FH) is mandatory feature without capability signaling. However, the definition of the FH is not clear because there is a case that UE is configured by the higher layer parameter intraSlotFrequencyHopping as “enabled” and the values of startingPRB and secondHopPRB could be the same.
· Proposing company: NTT DCM [R1-1805052]

Based on this, there is a need to clarify FH as in the following
Proposal 2-4: 
1. The meaning of the capability of FH (frequency-hopping) is UE is configured the higher layer parameter intraSlotFrequencyHopping as “enabled”, regardless of whether the values of startingPRB and secondHopPRB are the same or not.
2. The meaning of the capability of Non-frequency hopping is UE is configured the higher layer parameter intraSlotFrequencyHopping as “disabled”.
3. In the table 6.3.2.4.1-1 of TS38.211,
a) No intra-slot hopping is replaced as intraSlotFrequencyHopping = “disabled”.
b) Intra-slot hopping is replaced as intraSlotFrequencyHopping = “enabled”.

Offline Discussion on Tues, April 17
· Only discussed proposal 3. Some companies feel it is more editorial changes and could leave it to 211 editor 


Key correction 5: CRC and CSI dropping
In the process of the RB determination for a PUCCH resource, CSI report is partly or totally dropped if there is not enough RBs to carry UCI payload. The issue is after CSI dropping, the CRC size shall remain unchanged or vary. If CRC size is changed, the RB determination for a PUCCH resource should be calculated by the new CRC size to avoid the ambiguity
· Proposing company: Sharp [R1-1804882]

Given that, the following proposal could be considered
Proposal 2-5: In dropping of CSI, the number of CRC bits should be a variable value according to each condition in inequalities as following text proposal #2 for TS 38.213, Subclause 9.2.5.2.

Conclusion from Tues, April 17 offline discussion
· Companies are fine with it in general and will check it before online session

Text proposal
The updated contents are colored with yellow. 
--------- beginning of text proposal for TS 38.213
9.2.5.2. UE procedure for multiplexing HARQ-ACK/SR and CSI
------ Omitted for unchanged contents ------
· 






else, the UE selects  CSI report(s) for transmission together with HARQ-ACK/SR in ascending order of , where  is determined according to [6, TS 38.214]; the value of  satisfies  and  , where  is the number of CSI report bits for the  CSI report in ascending order of ,  is the number of CRC bits corresponding to  and  is the number of CRC bits corresponding to .
-------- end of text proposal --------

Summary of essential issues
After reviewing the submitted Tdoc, some remaining key issues are identified and summarized as follows
1. Multi-slot PUCCH repetition partially overlap with other channels/signals
2. Reference payload size of CSI part 2
3. Extend the agreement on partial overlap of multiple-SR with PF2/3/4
4. CGS ordering for NR
5. Pre-DFT-OCC for PF4
6. CRC and rate matching output sequence
7. PUCCH repetition on flexible symbols

Key issue 1: Multi-slot PUCCH partially overlap with other channels/signals
Multi-slot PUCCH repetition could span a couple of slots and could partially overlap with other signals/channels such as PUCCH/PUSCH.  Some discussion were conducted at RAN1 91 meeting but due to limited time and complication of the issue, no conclusion was reached. In this meeting many companies expressed their views and the issues could be divided into a couple of cases







From RAN1 92 meeting
Agreements:
· When a single slot PUCCH overlap with a single slot PUSCH with the same starting symbol and with different ending symbols, PUCCH is not transmitted and UCI is piggybacked on PUSCH using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH. 
· FFS: overlap for multiple slot transmissions.

Agreements:
· In case a single slot PUCCH overlap with a multi-slot PUSCH transmission 
· If the starting symbol of PUCCH and PUSCH are aligned in a slot, piggyback UCI on PUSCH in that slot using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH and drop PUCCH transmission 


· Multi-slot PUCCH repetition partial overlap with SR
In this case, the views from companies could be summarized as in the following
· HW: If AN with PUCCH F3/F4 is transmitted in multiple slots and collides with SR with PUCCH format F1/F0 transmitted in a single slot
· The PUCCH resource for transmission of AN/SR is the AN PUCCH resource in multiple slots, i.e., 1 bit for SR state is added to the end of HARQ-ACK and jointly transmitted on all PUCCH resources.
· 
· Multi-slot PUCCH repetition partial overlap with single-slot PUSCH
In this case, the views from companies could be summarized as in the following
· [bookmark: OLE_LINK2]E///: drop PUCCH in the overlapped slot
· SS: UE shall transmit only HARQ-ACK on PUCCH and not transmit any other signal/channel
· Lenovo: drop PUCCH in the overlapped slot 
· Intel: 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, PUSCH is dropped. 
· HW: the same as single & single case at the overlapped slot

· Multi-slot PUCCH partial partial overlap with multi-slot PUSCH or other signal
In this case, the views from companies could be summarized as in the following
· E///: piggyback as many slot as PUCCH would have been transmitted over, 
· SS: UE shall transmit only HARQ-ACK on PUCCH and not transmit any other signal/channel
· Nokia
· Proposal #3: If multi-slot PUCCH and multi-slot PUSCH start within 3 symbols in the same slot and have same slot aggregation levels, map UCI on PUSCH and drop PUCCH.
· Proposal #4: If multi-slot PUCCH and multi-slot PUSCH start in the same slot but have different slot aggregation levels, drop PUSCH if UCI contains HARQ-ACK, otherwise drop PUCCH.
· Proposal #5: If multi-slot PUCCH and multi-slot PUSCH start in the different slots, drop the transmission that starts in a later slot.
· VIVO: drop other UL transmission during long PUCCH repetition transmission.
· Lenovo: piggyback for PUCCH earlier or aligned-starting symbol case, piggyback in the next slot for PUSCH earlier case 
· HW: the same as single & single case at the overlapped slot


Key issue 2: Reference payload size of CSI part 2

Agreements:
· When AN/SR and CSI PUCCH resources have the same starting symbols, one PUCCH resource is used for transmission of AN/SR and CSI.
· If the UE is configured with more than one PUCCH resource sets, the PUCCH resource set is determined based on the total number of AN/SR and CSI. The PUCCH resource is determined based on ARI.
· FFS on UE assumption on the CSI part 2 is present
· FFS if/how to multiplex CSI and AN/SR in case PUCCH format indicated by ARI for AN/SR and CSI is different from the configured PUCCH format for CSI.
· If the UE is configured with only one PUCCH resource set,
· FSS how to determine the PUCCH resource for transmission of UCI

According to the agreement reached in RAN1 92 meeting , when AN/SR and CSI PUCCH resources have the same starting symbols,  a PUCCH resource is used for transmission of AN/SR and CSI. The PUCCH resource set is determined based on the total number of AN/SR and CSI. As CSI part 2 payload is unknown, some assumption on the CSI part 2 shall be made.  Interested companies expressed their views on this subject in the following:
· QC: When AN/SR and CSI PUCCH resources have the same starting symbols, UE determines the PUCCH resource set to use based on assuming a fixed rank for CSI part 2. This rank may not be the rank corresponding to the actually transmitted CSI.
· HW: Using the maximum potential payload size of CSI part 2 as the reference payload size.
· LGE: Minimum possible number of CSI part 2 bits in the case of HARQ-ACK/SR and CSI multiplexing on PUCCH configured for HARQ-ACK; Maximum possible number of CSI part 2 bits in the case of HARQ-ACK/SR and CSI multiplexing on PUCCH configured for CSI reporting.
· MTK, Samsung and E///: Always assuming rank 1 for reference payload size of CSI part 2
· OPPO: 


If , the PUCCH resource set is determined based on ;



Else if  and , the PUCCH resource set is determined based on ;

Else if , the last PUCCH resource set is determined.
· ZTE: The CSI part 2 is absent when the total number of A/N/SR and CSI is calculated. When PUCCH format indicated by ARI for A/N/SR and CSI is different from the configured PUCCH format for CSI, a priority of PUCCH formats is defined and the format with higher priority is used for transmission of A/N/SR and CSI.
The abovementioned views could be summarized as below
· Opt1: Assuming a fixed Rank for CSI part 2
· QC, MTK, Samsung, E///
· Opt2: Assuming the maximum payload size of CSI part 2 as reference payload size
· Huawei
· OPPO (If maximum payload size of CSI part 2 will lead to dropping CSI part 2, using the minimum payload size of CSI part 2)
· Opt3: Minimum possible number of CSI part 2 bits in the case of HARQ-ACK/SR and CSI multiplexing on PUCCH configured for HARQ-ACK; Maximum possible number of CSI part 2 bits in the case of HARQ-ACK/SR and CSI multiplexing on PUCCH configured for CSI reporting
· LGE

Discussions could be focused on these options and determine the final agreement

Proposal:

· When AN/SR and CSI PUCCH resources have the same starting symbols, UE assumes a fixed rank for CSI part 2 in determination of PUCCH resource set from which one PUCCH resource is used for transmission of AN/SR and CSI
· FFS: the value of fixed rank


Offline Discussion from Tues, April 17:
	

Proposal 
· When AN/SR and SP-CSI PUCCH resources have the same starting symbols, the following options can be considered (down selected)
· Opt1: Drop SP-CSI and only transmit AN/SR
· Opt2: Drop CSI part2 for SP-CSI and only transmit AN/SR and CSI part1 
· Opt3: Multiplex AN/SR and SP-CSI on a PUCCH resource. The reference payload for CSI part 2 could be estimated based on one of the following options (down selected)
· Opt1: Assume rank 1
· E///, MTK, Samsung, Intel, QC, LGE
· Opt2: Assume maximum size of CSI part 2  
· OPPO, HW, Lenovo
· Opt3: Depend on the latest reported rank
· Vivo
· [bookmark: _GoBack]Note: It is confirmed with MIMO people that CSI part 2 is only reported in SP-CSI


· Check with MIMO colleagues on the following 
· The relation between CSI part 2 payload and the rank
· Feedback (HW): The payload of higher rank may be smaller than lower rank (e.g., rank-2/3 payload pay be lower than rank-1). However, using codebook type-1, the difference shall be small

· Observations
·  If not all the PUCCH resource configured by the gNb are actually used by the UE, the gNB may need to conduct some blind decoding to determine the actual PRB used by the UE to carry PUCCH. 
· Alternatively, the UE could encode CSI part 1 using the max coding rate and use the remaining configured resources for CSI part 2.



Key issue 3: Extend the agreement on partial overlap of multiple-SR with PF2/3/4
The following agreement was made during the RAN1 #91 meeting. However, considering the status of the discussion, the conclusion was captured in TS38.213 assuming that the PUCCH resources for SR and UCI have the same starting symbol.
Agreements (RAN1#91):
· If a UCI transmission on a PUCCH from a UE in a slot using format 2 or 3 or 4 overlaps in time with K configured PUCCH SR resources which are overlapped in time, X bits are used to represent an SR being indicated by the UE where 
· All-zero X represents the absence of an SR. Otherwise, X represents the presence of an SR.
· Note: X bits should be considered when the UCI is encoded irrespective of the SR being present of absent.
· X=ceil(log2(K+1)) where K is the number of configured SR PUCCH IDs (schedulingRequestResourceId) that overlap in time with the UCI transmission on PUCCH in the slot.
· The K IDs are ordered according to an increasing number of the corresponding SR IDs. The index of an ordered configured PUCCH resource ID is obtained from X bits when SR is triggered.

It is therefore the extension of  the above agreement to the case of different starting symbols for the corresponding PUCCH resources shall be considered
· Proposing companies: E///, Samsung


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).
· Proposing companies: HW, ZTE.

More discussion could be focused on the benefits of new CGS ordering as well as its impact to the specification and implementation. 

Key issue 5: Pre-DFT-OCC for PF4
In [QC, R1-1804803], it was observed that for PUCCH format 4, the /2 Pi BPSK with pre-DFT-OCC index 0 and 2 will lead to higher PAPR, therefore it is proposed to replace them with two new OCC as follows

-> [+1, , , +1, , , +1, , , +1, , ]

-> [+1, , , -1, , , +1, , , -1, , ]
Companies are encouraged to express their view on this proposal. 


Key issue 6: CRC and rate matching output sequence
In [Sharp, R1-1804882], it was observed that for PUCCH format 3/4, there is a “chicken-egg” issue caused by the segmentation of polar code for UCI. The coded bit for CSI part 1 is determined by payload size of HARQ-ACK, SR, CSI part 1 and CRC, while the CRC size is determined by payload size and coded bit (11*2 bits for payload size>=360 and coded bits>=1088; otherwise only 11 bits). To avoid this “chicken-egg” issue, the following is proposed [Sharp, R1-1804882]:

Proposal 3-6: 
· In determination of EUCI and the number of PRBs for a PUCCH resource, a UE assumes the number of CRC bits is a fixed value of X if the number of UCI bits is larger or equal to 360 as following text proposal #1 for TS 38.212 subclause 6.3.1.4.1.
· the value of X is either 11 or 22

Key issue 7: PUCCH repetition on flexible symbols
In RAN1 92 meeting, there was some discussion on whether to use some flexible symbols semi-statically configured for PUCCH repetition. In the upcoming meeting [Wilus, R1-1805242] further proposes to not use flexible symbols right after the last DL symbol and SS/PBCH block in a slot is used for long PUCCH transmission under the consideration that such flexible symbols could be used as switching gap by the UE from DL reception to UL transmission. It is also proposed in [CMCC, R1-1804100] that flexible symbols semi-static configured shall not be used to for PUCCH to avoid collision with GP and therefore impact the performance. 
Based on the analysis, the following proposal could be considered
Proposal
For long PUCCH repetition over multi-slots, at least N ‘flexible’ symbols after the last DL symbols semi-statically DL/UL configured are not used for PUCCH repetition. 
· FFS: value of N
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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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