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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In this contribution, some remaining issues are discussed including,
· Cyclic shift mapping of ACK and NACK with/without SR for NR PUCCH format 0
· SR configuration for semi-static DL-UL configuration
· PUCCH resource for CSI and HARQ-ACK/SR multiplexing
2. [bookmark: OLE_LINK12]Mapping of ACK and NACK to cyclic shifts for PUCCH format 0
According to the agreements made during previous meetings (see Annex A), figure 1 shows the current mapping of 1/2-bit ACK and NACK with/without positive SR to cyclic shifts (CS) for PUCCH format 0, where ‘+’ means positive SR and ‘-’ means negative SR. 
[image: ]
Fig 1 Agreed mapping of 1/2-bit ACK and NACK with/without positive SR to cyclic shifts
The number of HARQ-ACK bits is derived from the detected number of DL assignments if a UE is configured with dynamic codebook. During the re-configuration, the fallback DCI is likely to be used. However, no total DAI is included in fallback DCI in order to minimize the fallback DCI payload. Therefore there will some issues when UE is scheduled with two PDSCH with fallback DCI to feedback on one PUCCH but the last PDCCH is missed. The detailed problems are as follows,
Issue 1 :  UE sends 1-bit ACK, gNB misunderstands as 2bit (ACK, ACK), i.e., (1,1,-) and (1,-) are overlapped
· In the slot/symbol with/without SR configuration, UE miss the last PDCCH and negative SR occurred. UE will send 1-bit ACK with negative SR via CS 6, but gNB will misunderstanding as (ACK, ACK) with negative SR. That is, UE only successuflly detected one PDCCH while gNB think both PDCCH/PDSCH is received successfully and no retransmission of the second PDCCH/PDSCH. As we all know, if the DL data packet was not received, the UE sends a NACK and expects a retransmission. However, if the NACK is not received correctly, e.g., received wrongly as ACK, a retransmission will not be triggered and the data will be lost. Therefore, for ultra relibility and low latency serviece such as URLLC, when a retransmission is required, HARQ A/N feedback should be transmitted with sufficiently high reliability.
Issue 2 : UE sends positive SR, gNB misunderstands as negative SR, i.e., (1,0,-) and (1,+),  (0,1,-) and (0,+) are overlapped.
· In the slot/symbol with SR configuration, UE miss the last PDCCH and positive SR occurred. UE will send 1-bit ACK with positve SR via CS 3 if the first PDCCH/PDSCH is received successfully, or 1-bit NACK with positve SR via CS 9 if the first PDSCH is received unsuccessfully.However, gNB will misunderstand as (NACK, ACK) with negative SR or  (ACK, NACK) with negative SR corresponding. In the first case, neither of the two PDCCH/PDSCH is successfully received for UE but gNB misunderstands that the missed PDSCH is received successfully, which will has an evident effect on the system performance. In the second case, the second PDSCH is missed while gNB thinks as false acceptance,which may be acceptable in some way. However, it's worth noting that whatever the first PDCCH is received successfully or not, gNB side always fails to detect the transmitted positive SR, it will issue a new SR in the next possible occasion. The time to wait until the detection introduces extra delay, which in turn induces undesired latency for UL data transmission.
Considering the above two issues of the current mapping rule, it’s significant to find a better mapping rule to slove or parital solve these problems if possible, especially issue 1 which seems to be more severe. Some principles should be considered when modifying the mapping rule. That is,
1) No more CS states are needed whatever in positive or negative SR cases in order to avoid excessive gNB detection
2) 1-bit ACK and 2-bit (ACK,ACK) should be mapped to different CS states in order to avoid miss detection
3) It’s better to mapped 1bit HARQ-ACK with positive SR and 2-bit HARQ-ACK with negative SR to different CS states in order to avoid missing SR.
4) 1-bit NACK and 2-bit (NACK, NACK) is expected to be mapped to the same CS state, 1-bit ACK and 2-bit (ACK, NACK) is expected to be mapped to the same CS state.
Some options listed as following can be considered.
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Current mapping scheme
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Option 1(with modified 1-bit mapping scheme)                           Option 2 (with modified 1-bit mapping scheme)
Fig 2 Candidates for mapping of 1/2-bit ACK and NACK with/without positive SR to cyclic shifts

Table 1 Pros and cons for each option
	option
	Advantages6
	disadvantages

	Current
	Only 8 CS for one UE
The minimum CS distance for 1-bit HAR-ACK with SR is 3
The minimum CS distance for 1-bit HARQ-ACK  without SR is 6
	Issue 1 and issue 2

	Option 1
	Only 8 CS for one UE, 
No Issue 1 nor Issue 2
	[bookmark: OLE_LINK1][bookmark: OLE_LINK5]The minimum CS distance for 1-bit HAR-ACK with SR is 1
The minimum CS distance for 1-bit HARQ-ACK  without SR is 3

	Option 2
	Issue 1 occurred only at positive occassion
The minimum CS distance for 1-bit HAR-ACK with SR is 3
	The minimum CS distance for 1-bit HARQ-ACK  without SR is 3
Issue 2



For the current mapping rule, the minimum CS distance for 1-bit HAR-ACK with SR is 3, the minimum CS distance for 2-bit HAR-ACK with SR is 1. Thus in our view, it’s ok to apply option 1 although it reduces the minimum CS distance for 1-bit HAR-ACK with SR to 1.
Base on the above analysis, we make the following  proposal:
[bookmark: OLE_LINK6]Proposal 1 : In order to solve the overlapped states for PUCCH format 0, option 1 can be considered. The cyclic shift mapping for ACK and NACK is as following (the change is marked red) :
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3. Remaining issues on SR configuration
[bookmark: OLE_LINK4]Regarding SR aspect, many agreements were achieved at RAN1 previous meetings (see Annex 	B). For each SR configuration, the periodicity and offset are indicated via RRC. The starting symbol index for the SR transmission occasion on PUCCH is derived from SR configuration of periodicity and offset, as well as start symbol index of PUCCH for an SR-periodicity of more than one slot duration, or from SR configuration of periodicity and start symbol index of PUCCH for an SR-periodicity of maximum one slot duration. 
SR configuration for semi-static DL-UL
When a UE is semi-statically configured with a DL-UL configuration, depending on the DL/UL assignment, there are cases that the configured SR transmission occasion has direction confliction with semi-static SFI, and then the UE shall drop the SR transmission occasion reporting and proceed to the next possible SR reporting opportunity, which will increase SR transmission latency. In other words,  considering semi-static SFI configuration (i.e., either cell-spacific or UE-specific SFI),  it should consider to try to align SR opportunity and SFI configuration or increase more SR opportunity.
Similar to LTE SRS configuration, if the SRS periodicity is greater or equal than 5ms, then eNB directly indicates the periodicity and offset of the SRS occassion, and if the SRS periodicity is less than 5ms (e.g., 2ms), then eNB indicates a bitmap of the possible occassions in a 5ms TDD periodicity.
Therefore, we propose to consider the similar approach to configure SR to solve the issues.
Option 1 : using a slot-level bitmap1 (with length of X) to indicate the slots used for SR transmission. Within a slot, symbol-level offset  can be considered for an SR-periodicity of more than one slot duration, or a symbol-level bitmap2 can be considered for for both an SR-periodicity of more than one slot duration or an SR-periodicity of maximum one slot duration.
Option 2 : using a symbol-level bitmap (with length of 14*X) to indicate each SR transmission occasion for an SR-periodicity of maximum one slot duration
Base on the above discussion, we propose the following :
Proposal 2 : For UE with semi-static DL-UL configuration, for each “SR configuration”, the following is indicated via RRC
· For an SR-periodicity of maximum one slot duration, using a symbol-level bitmap to indicate each SR transmission occasion (with length of 14*X)
· For an SR-periodicity of more than one slot duration, using a slot-level bitmap1 (with length of X) and a symbol-level bitmap2 (with length of 14)/offset to indicate each SR transmission occasion
· UE determines whether the configured SR transmission occasion can be used to transmit according to whether the SR transmission occassion matches the symbol direction indicated by SFI
· Note : X is the periodicty of the semi-static DL-UL. If semi-static SFI consists of two concartenated DL-UL with each periodicity X1 and X2, then X = X1+X2.

4. PUCCH resource for CSI and HARQ-ACK/SR multiplexing 
During the last meeting, there were some discussions on PUCCH resource partial overlapped for CSI and HARQ-ACK/SR, the following agreements were acheived [1].
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

However, the number of UCI bits for determining PUCCH resource set is unclear, especially the number of CSI bits. If a reference number of CSI is pre-determined, e.g., always assuming maximum number of total bits for CSI part 2, then we do not foreseen benefits by multiplexing HARQ-ACK/SR and CSI on HARQ-ACK resource by using resource indicator field in the DCI. Since the overhead of the PUCCH does not taking the payload of CSI part 2 into account. It has similar overhead either multiplexing HARQ-ACK/SR and CSI on HARQ-ACK resource or CSI resource. 
[bookmark: _GoBack]On the other hand, we see the benefit for dynamic changing the reference number of CSI since the payload of CSI part 2 is changing in time. In that case, multiplexing HARQ-ACK/SR and CSI on HARQ-ACK resources is beneficial because of the HARQ-ACK resources can be adjusted according to the payload of the UCI. Such dynamic adjustment can be based on the CSI part 2 overhead, which is related to many aspects, e.g., reported rank. Therefore one proposed way is to use reference number of CSI bits to determine PUCCH resource set, and the reference number of CSI bits is based on the last UE reported rank.
Furthermore, regarding the condition whether HARQ-ACK/SR can be multiplexed with CSI, we propose that the multiplexed UCI/data is transmitted on the PUCCH/PUSCH which carries the highest priority UCI/data and only applied for the case when they have the same starting symbol [2]. Regarding to HARQ-ACK/SR and CSI, 
· If HARQ-ACK/SR and CSI are transmitted from different starting symbol
· Dropping ACK/SR or CSI
· [bookmark: OLE_LINK7]If HARQ-ACK/SR and CSI are transmitted from same starting symbol
· Multiplexing ACK/SR and CSI on one PUCCH resource as agreed
If HARQ-ACK/SR and CSI are transmitted from different starting symbol, considering the importance of SR reception in grant based URLLC case, in our view, it’s not a good design to transmit the PUCCH with earlier starting symbol simply, but UE determines the transmission priority according to the following rules [2],
(1) Check whether low latency service is satisfied: short transmission > long transmission, short duration means 
· The periodicity of SR transmission /grant-free transmission < Y symbols
(2) Check the transmission starting time: earlier transmission > later transmission
· 	first come first served principle, that is earlier transmission has higher priority than late transmission
If HARQ-ACK/SR and CSI are transmitted from same starting symbol, when HARQ-ACK/SR and CSI are multiplexed on one PUCCH reource, the following table lists the combination of PUCCH format indicated by ARI for AN/SR and CSI and the PUCCH format for CSI. In the case that PUCCH format indicated by ARI for HARQ-ACK/SR and CSI is different from the configured PUCCH format for CSI, two options can be considered.
Option 1 : Error case. That is ,UE is not expected to receive such configuration.
[bookmark: OLE_LINK8]Option 2 : UE only transmitted HARQ-ACK/SR on PUCCH resource indicated by ARI for HARQ-ACK/SR only and drop CSI if the PUCCH resource indicated by ARI for AN/SR only is PUCCH  format 0/2 since UE is indicated with PUCCH in short duration may be desired to have low latency such as URLLC.
Table 1 Combination of PUCCH format indicated by ARI for AN/SR and CSI and the PUCCH format for CSI
	
	PUCCH format indicated by ARI for AN/SR and CSI

	
	format 0
	format 1
	format 2
	format 3
	format 4

	CSI format 2
	--
	--
	Ok
	Ok
	Ok

	CSI format 3
	--
	--
	FFS
	Ok
	Ok

	CSI format 4
	--
	--
	FFS
	Ok
	Ok



Proposal 3: For UL transmission with different start symbols, some examples for UE determines the transmission priority are as follows, 
(1) Check whether low latency service is satisfied: short transmission > long transmission, short duration means 
· The periodicity of SR transmission /grant-free transmission < Y symbols
(2) Check the transmission starting time: earlier transmission > later transmission
· 	first come first served principle, that is earlier transmission has higher priority than late transmission
· If HARQ-ACK/SR and CSI are transmitted from same starting symbol
· Multiplexing HARQ-ACK/SR and CSI on one PUCCH resource as agreed
· when the CSI part 2 is present, Reference number of CSI bits is used to determine PUCCH resource set, and the reference number of CSI bits is based on the last UE reported rank.
· In case PUCCH format indicated by ARI for HARQ-ACK/SR and CSI is different from the configured PUCCH format for CSI, UE only transmitted HARQ-ACK/SR on PUCCH resource indicated by ARI for HARQ-ACK/SR only and drop CSI if the PUCCH resource indicated by ARI for HARQ-ACK/SR only is PUCCH  format 0/2.
5. Conclusion
In this contribution, some remaining issues are discussed including
· CSI and HARQ-ACK multiplexing scheme
· Cyclic shift mapping of ACK and NACK with/without SR for NR PUCCH format 0
· SR configuration in TDD/unpaired system
And it is proposed that
Proposal 1 : In order to solve the overlapped states for PUCCH format 0, option 1 can be considered. The cyclic shift mapping for ACK and NACK is as following (the change is marked red) :
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Proposal 2 : For UE with semi-static DL-UL configuration, for each “SR configuration”, the following is indicated via RRC
· For an SR-periodicity of maximum one slot duration, using a symbol-level bitmap to indicate each SR transmission occasion (with length of 14*X)
· For an SR-periodicity of more than one slot duration, using a slot-level bitmap1 (with length of X) and a symbol-level bitmap2 (with length of 14)/offset to indicate each SR transmission accasion
· UE determines whether the configured SR transmission occasion can be used to transmit according to whether the SR transmission occassion matches the symbol direction indicated by SFI
· Note : X is the periodicty of the semi-static DL-UL. If semi-static SFI consists of two concartenated DL-UL with each periodicity X1 and X2, then X = X1+X2.
Proposal 3: For UL transmission with different start symbols, some examples for UE determines the transmission priority are as follows, 
(1) Check whether low latency service is satisfied: short transmission > long transmission, short duration means 
· The periodicity of SR transmission /grant-free transmission < Y symbols
(2) Check the transmission starting time: earlier transmission > later transmission
· 	first come first served principle, that is earlier transmission has higher priority than late transmission
· If HARQ-ACK/SR and CSI are transmitted from same starting symbol
· Multiplexing HARQ-ACK/SR and CSI on one PUCCH resource as agreed
· when the CSI part 2 is present, Reference number of CSI bits is used to determine PUCCH resource set, and the reference number of CSI bits is based on the last UE reported rank.
· In case PUCCH format indicated by ARI for HARQ-ACK/SR and CSI is different from the configured PUCCH format for CSI, UE only transmitted HARQ-ACK/SR on PUCCH resource indicated by ARI for HARQ-ACK/SR only and drop CSI if the PUCCH resource indicated by ARI for HARQ-ACK/SR only is PUCCH  format 0/2.
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Annex A. Agreements regarding cyclic shift values 
Regarding the mapping of ACK and NACK to cyclic shifts for short NR-PUCCH with up to 2 bits UCI payload (PUCCH format 0), the following agreements were made during the meeting of RAN1 #91 [3]:
Agreements:
· The mapping of ACK and NACK to cyclic shifts is based on the index of initial cyclic shift and a fixed mapping pattern as given in Table 1 and Table 2 below corresponding to 1 and 2 bits HARQ-ACK, respectively.  
Table 1: Mapping pattern for 1-bit HARQ-ACK
	HARQ-ACK
	NACK
	ACK

	Cyclic shift
	

	




Table 2: Mapping pattern for 2-bit HARQ-ACK
	HARQ-ACK
	NACK, NACK
	NACK, ACK
	ACK, ACK
	ACK, NACK

	Cyclic shift
	

	

	

	




Agreements:
· For simultaneous transmission of 1 or 2 bits HARQ-ACK and SR using PUCCH format 0: 
· In case of negative SR, the same PUCCH resources as for HARQ-ACK only transmission are used.
· In case of positive SR, HARQ-ACK are transmitted on the PRB for HARQ-ACK only transmission.
· The mapping of ACK and NACK to cyclic shifts is based on the index of initial cyclic shift of the HARQ-ACK only (CSinitial) and a fixed mapping pattern as given in Table 1 and Table 2 below corresponding to 1 and 2 bits HARQ-ACK, respectively.
Table 1: Mapping pattern for 1-bit HARQ-ACK and positive SR
	HARQ-ACK
	NACK
	ACK

	Cyclic shift
	(CSintitial+3)mod12
	(CSintitial+9)mod12



Table 2: Mapping pattern for 2-bit HARQ-ACK and positive SR
	HARQ-ACK
	NACK, NACK
	NACK, ACK
	ACK, ACK
	ACK, NACK

	Cyclic shift
	(CSintitial+1)mod12
	(CSintitial+4)mod12
	(CSintitial+7)mod12
	(CSintitial+10)mod12



· Note: Maximum 12 SR per PRB can be configured with semi-static SR simultaneously.
· One PRB can support simultaneous transmission of 2-bit HARQ-ACK with SR only for one UE.
· The four remaining resources can be used for other purposes (e.g. 1-bit A/N with SR or 2-bit A/N only)

Annex B. Agreements regarding SR 
	Agreements (RAN1#90):
· It is up to RAN2 how many SR configurations the UE can be configured with.
· In case of SR only, the physical layer can only transmit one SR at any given time
· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2
· Multiplexing of SR and HARQ feedback is supported on short-PUCCH
· Multiplexing of SR and HARQ feedback is supported on long-PUCCH
· An SR can be configured with a periodicity of at least equal to X OFDM symbol(s) (at least for short-PUCCH), and with up to the largest periodicity supported in LTE (i.e. 80 ms)
· Working assumptions:
· X=1, which implies short-PUCCH could be located at any OFDM symbol of a slot
· FFS: Supported periodicity values
· FFS: Possible limitations due to other factors
· One configured SR can be associated with either short or long PUCCH

Agreements (RAN1#90bis):
· For each “SR configuration”, the following is indicated via RRC 
· A periodicity and offset which identify the slots/symbols to be used for SR
· FFS the offset for the SR periodicity shorter than one slot for a given SCS
· Non-periodic SR solutions to meet URLLC latency requirements are not precluded
· Slide 4 in R1-1719595 R1-1719195 is agreed

Agreements (RAN1#90bis):
Slide (4) in R1-179195:
· At least support following as the periodicity of resources for SR
· FFS other values with taking into account the alignment with 14 symbols
Supported periodicities
	Subcarrier spacing (kHz)
	Supported periodicities [ms]

	15
	2 symbols, 7 symbols, 1, 2, 5, 10, 20, 40, 80

	30
	2 symbols, 7 symbols, 0.5, 1, 2, 5, 10, 20, 40, 80

	60
	2 symbols, 7 symbols (6 symbols for ECP), 0.25,0.5,1,2,5,10,20,40, 80

	120
	2 symbols, 7 symbols, 0.125,0.25,0.5,1,2,5,10,20, 40, 80



Agreements (RAN1#91):
· Define the following value ranges for the RRC parameters listed below:
	RRC parameters
	Value range

	SR-resource
	PUCCH-resource-config-PF0, PUCCH-resource-config-PF1


Agreements (RAN1 ad-hoc #1801):
· For parameter SR-offset, the SR offset is measured in slots for a given numerology.
· For an SR-periodicity of maximum one slot duration for a given numerology, UE expects that the SR-offset is always 0 (slots)
· For an SR-periodicity of more than one slot duration for a given numerology, the SR-offset is configured by RRC to be a non-negative value less than SR-periodicity.
· For an SR-periodicity of maximum one slot duration for a given numerology, the starting symbol index for the SR transmission occasion on PUCCH within an SR period is determined by
 
where startingSymbolIndex is obtained from the PUCCH resource configuration in the corresponding SR-resource.
· Note: For an SR-periodicity of more than one slot duration for a given numerology, the starting symbol index for the SR transmission occasion on PUCCH within a slot is determined by startingSymbolIndex from the PUCCH resource configuration in the corresponding SR-resource.
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