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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _GoBack]Introduction & Background
In this contribution, some remaining issues on short PUCCH for eMBB are discussed including,
· Collision between AN and single SR with different formats
· Collision between AN and multi-SR
· Multiplexing of AN/SR and CSI when only one PUCCH resource set is configured
· SR configuration for semi-static DL-UL configuration
2. [bookmark: OLE_LINK12]Collision between AN and single SR with different formats
For the multiplexing rules for overlapped AN and SR PUCCH resources with different formats, some agreements were achieved at previous meetings
Agreements [1]:
· When HARQ-ACK PUCCH resource with PUCCH F1 overlaps with SR PUCCH resource with PUCCH F0 with the same starting symbol in a slot,
· The UE transmits only HARQ-ACK in the HARQ-ACK PUCCH resource ( i.e the UE does not transmit SR if it is positive). 
Agreements [2]:
· 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.
The multiplexing rules can be summaried as following table. Note that the overlapping case that AN with format 0 and  SR with format 1 has not been discussed. In our view, the following two alternatives can be considered.
· Alt 1 : The UE transmits HARQ-ACK and SR in the HARQ-ACK PUCCH resource with the same multiplexing rule as that of format 0 SR and format 0 AN.
· Alt 2 : The UE transmits only HARQ-ACK in the HARQ-ACK PUCCH resource ( i.e the UE does not transmit SR if it is positive).
For alt 1 , it’s similar to the multiplexing of both AN and SR are format 0, UE will transmit HARQ-ACK and SR with additional cyclic shift whatever SR is positive or negative. Obviously, the benefit of this alternative is that positive SR can be timely transmitted.
For alt 2, UE tranmits HARQ-ACK only irrespective positive or negative SR. It’s simpler to implement. However, it drops the positive SR. If SR period is short, this will increase the latency in a way. If SR is period is long, the SR opporunity is so rare that it’s more desirable to multiplex AN and SR than transmit AN only.
Proposal 1: When HARQ-ACK PUCCH resource with PUCCH F0 overlaps with SR PUCCH resource with PUCCH F1 with the same starting symbol in a slot,
· The UE transmits HARQ-ACK and SR in the HARQ-ACK PUCCH resource with the same multiplexing rule as that of format 0 SR and format 0 AN.
Table 1 multiplexing rule for AN and SR with different formats
	
	AN PF0
	AN PF1
	AN PF2/3/4

	SR PF0
	specified
	specified
	specified

	SR PF1
	Not. Spec.
	specified
	specified

	CSI PF2/3/4
	specified
	specified
	specified



3. Collision between AN and multi-SR
For the overlapping between AN and multi-SR, some offline discussions were conducted during last meeting but no consensus. 
Case 1 : AN PUCCH with format 1 overlaps with K SR occasions
For the case, AN with format 1, two following alternatives were summaried :
· Alt 1: If a HARQ-ACK transmission from a UE using PUCCH format 1 determined by ARI overlaps with K SR occasions each using PUCCH format 1, in case of negative SR, the HARQ-ACK is transmitted on the HARQ-ACK resource. In case of positive SR, the HARQ-ACK is transmitted on the SR resource corresponding to the positive SR.
· Note: As previously agreed, only one SR can be transmitted.
· Alt 2: PUCCH format 2 or 3 or 4 is used to carry L = 1 or 2 bits HARQ-ACK and K > 1 SR.  That implies when a UE has K SRs configured in a same time position, 
· For 1 or 2 bits HARQ-ACK, if K=0 or 1, ARI field in DCI indicates PUCCH format 0 or 1; otherwise, ARI field in DCI indicates PUCCH format 2 or 3 or 4.
· Note: As previously agreed, only one SR can be transmitted.
For alt 1, it’s the simplest way for UE to implement. Each SR has its own PUCCH resource, gNB can distinguish different states (no positive SR or some SR is positive)by bling decoding on each resource.
For alt 2, different processes are specifed for single SR and multi-SR respectively. Note that different SNR operation options are needed for format 1 and format 2/3/4 .
Proposal 2: If a HARQ-ACK transmission from a UE using PUCCH format 1 determined by ARI overlaps with K SR occasions each using PUCCH format 1, in case of negative SR, the HARQ-ACK is transmitted on the HARQ-ACK resource. In case of positive SR, the HARQ-ACK is transmitted on the SR resource corresponding to the positive SR

Case 2 : AN PUCCH with format 0 overlaps with K SR occasions
For the case, AN with format 0,  four following alternatives were summaried :
· Alt 1: If a UCI transmission on a PUCCH format 0 from a UE that conveys HARQ-ACK information and SR, overlaps in time with K=2 configured SR PUCCH resources, the HARQ-ACK PUCCH resource is used for transmission of HARQ-ACK and SR where
· Opt1: The initial CS of the HARQ-ACK PUCCH resource is increased by one or two, respectively, if SR corresponding to the highest or the second highest priority configured SR ID is positive.
· Opt 2: The SR is only multiplexing on the overlapping symbol(s) of HARQ-ACK PUCCH resource and using the different CS according to the Spec.
· Note: the SR ID is indicated by multiplexed symbol(s).
· If K>2, two configured SR resources with the highest priority are considered.
· Alt 2: When ACK/NACK transmission using PUCCH format 0 overlaps in time with K occasions for SR transmission each configured to use PUCCH format 0, logical “OR” over all K SR processes is indicated together with ACK/NACK on the HARQ-ACK/SR PUCCH format 0 resources.
· Alt 3: PUCCH format 2 or 3 or 4 is used to carry L = 1 or 2 bits HARQ-ACK and K > 1 SR.  That implies when a UE has K SRs configured in a same time position, 
· For 1 or 2 bits HARQ-ACK, if K=0 or 1, ARI field in DCI indicates PUCCH format 0 or 1; otherwise, ARI field in DCI indicates PUCCH format 2 or 3 or 4.
For alt 1, addtional cyclic shifts are used to transmit multi-SR. Moreover, due to the limited total available CS is 12, on more than 5 SR for 1-bit AN or 2 SR for 2-bit AN can only transmitted. What’s worse, if delay spread is non-ignorable, performance degradation with small CS distance should also be took into consederation. Thus, if K>2, two configured SR resources with the highest priority are considered.
For alt 2, once any SR among K processes is positive, 1-bit positive SR is transmitted on AN PUCCH resource using format 0. It’s the simplest method to implemtent.
For alt 3, different processes are specifed for single SR and multi-SR respectively. Note that different SNR operation options are needed for format 0 and format 2/3/4. Furthermore, if format 3/4 is decided rather than format 0, latency for AN feedback will increase with it.
Proposal 3: When ACK/NACK transmission using PUCCH format 0 overlaps in time with K occasions for SR transmission each configured to use PUCCH format 0, logical “OR” over all K SR processes is indicated together with ACK/NACK on the HARQ-ACK/SR PUCCH format 0 resources.
4. Multiplexing of AN/SR and CSI when only one PUCCH resource set is configured
Regarding multiplexing of AN/SR and CSI when only one PUCCH resource set is configured, it was discussed intensively during last meeting. Specifically, when AN/SR and CSI PUCCH resources have the same starting symbols in a slot, if the UE is configured with only one PUCCH resource set, select from one of the following alternatives:
· Alt 1: This is a mis-configuration. The UE is not expected to transmit the corresponding HARQ-ACK/SR and the CSI report in a PUCCH resource in that slot.
· Alt 2: HARQ-ACK/SR and CSI are transmitted together by PUCCH resource for CSI
· Alt 3: HARQ-ACK/SR is transmitted on the HARQ-ACK/SR PUCCH resource and CSI reporting is dropped in that slot.
The problem comes from UE is only configured with one PUCCH resource set, i.e., RESET 0 for no more than 2-bit UCI and simultaneous transmission of HARQ-ACK/SR and CSI is enabled. In our view, to conclude this discussion, we should consider the following two subproblems, that is,
1) Whether UE can be configred with only one RESET.
2)  If UE is configred with only one RESET, whether UE can be enabled simulateous transmission of HARQ-ACK/SR and CSI.
In our view, it should be supported that UE is configured with only one RESET. That’ s because when UE is configured to feedback at most 2-bit AN in a slot, this can greatly reduce the resources reserved. And then, for the second subproblem, our answer is yes. For multiplexing of SR and CSI, if simultaneous transmission of HARQ-ACK/SR and CSI is enabled, SR and CSI will be transmitted on the configured CSI PUCCH resources ; otherwise, if simultaneous transmission of HARQ-ACK/SR and CSI is disabled, SR will be dropped but only CSI will be transmitted. In other words, we should support to cofigure one RESEET and enable simulateous transmission of HARQ-ACK/SR and CSI for a give UE.
Hereto, for the orginal problem, we should not take this configuration as an error case. Since there will be a severe limitation on gNB’s scheduling, that means, gNB cannot schedule any AN feedback in the P/SP-CSI reporting slots. Regarding alt 2 and alt 3, there is no much difference for AN feedback. Alt 2 is similar to the operation of LTE while alt 3 is more simple and can have better peformance for AN feedback.
Proposal 4 : When AN/SR and CSI PUCCH resources have the same starting symbols in a slot, if the UE is configured with only one PUCCH resource set, Alt 2 or Alt 3 can be considered.
5. Remaining issues on SR configuration
[bookmark: OLE_LINK4]Regarding SR aspect, many agreements were achieved at RAN1 previous meetings (see Annex A). 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 5 : 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.
6. Conclusion
In this contribution, some remaining issues are discussed including
· Collision between AN and single SR with different formats
· Collision between AN and multi-SR
· Multiplexing of AN/SR and CSI when only one PUCCH resource set is configured
· SR configuration for semi-static DL-UL configuration
And it is proposed that
Proposal 1: When HARQ-ACK PUCCH resource with PUCCH F0 overlaps with SR PUCCH resource with PUCCH F1 with the same starting symbol in a slot,
· The UE transmits HARQ-ACK and SR in the HARQ-ACK PUCCH resource with the same multiplexing rule as that of format 0 SR and format 0 AN.

Proposal 2: If a HARQ-ACK transmission from a UE using PUCCH format 1 determined by ARI overlaps with K SR occasions each using PUCCH format 1, in case of negative SR, the HARQ-ACK is transmitted on the HARQ-ACK resource. In case of positive SR, the HARQ-ACK is transmitted on the SR resource corresponding to the positive SR

Proposal 3: When ACK/NACK transmission using PUCCH format 0 overlaps in time with K occasions for SR transmission each configured to use PUCCH format 0, logical “OR” over all K SR processes is indicated together with ACK/NACK on the HARQ-ACK/SR PUCCH format 0 resources.

Proposal 4 : When AN/SR and CSI PUCCH resources have the same starting symbols in a slot, if the UE is configured with only one PUCCH resource set, Alt 2 or Alt 3 can be considered.

Proposal 5 : 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.
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Annex A. 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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