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Background
In RAN1 201801 AdHoc meeting [1], the following agreements have been reached for HARQ-ACK transmission overlapping in time with multiple PUCCH resource configured for SR.

	Agreement:
· 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 the end of HARQ-ACK followed by CSI.
· Note: X is used to indicated 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



In this contribution we present our views on remaining points related with above agreements.
Different format for multiplexing HARQ-ACK and SR case
A set of configurations for SR transmission can be configured in a PUCCH using either PUCCH format 0 or PUCCH format 1. PUCCH for up to 2 HARQ-ACK bits transmission can also be configured using either PUCCH format 0 or PUCCH format 1. Based on current agreement, UE procedure for multiplexing HARQ-ACK and SR using format 0 is different from that using format 1. If the multiplexing HARQ-ACK using format 0/format 1 and SR resource using format 1/format 0 cases are taken into consideration,  UE behaviours for multiplexing HARQ-ACK and SR become very complexity. Thus, to make UE behaviours simple, gNB can be able to avoid scheduling different PUCCH formats for SR and HARQ-ACK multiplexing case via ARI in DCI. Hence, we propose, 
Proposal 1: 
· UE is not expected to be indicated different HARQ-ACK PUCCH format from SR PUCCH format for multiplexing SR and HARQ transmission case using format 0 or 1.
Multiplexing HARQ-ACK and multi-SR using PUCCH format 0
In RAN1 #91 meeting, RAN1 has agreed that in case of simultaneous transmission of HARQ-ACK and SR using PUCCH format 0, the HARQ-ACK PUCCH resource is used to transmit HARQ-ACK and SR. 
	Agreement:
· 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)



The different cyclic shift mcs mapping in HARQ-ACK resource are introduced to distinguish whether the SR is positive or negative. 

The duration of PUCCH format 0 can be configured to be 1 or 2. Due to the short duration up to only 2 symbols, gNB can avoid the partial overlapping for HARQ-ACK and SR both of which use PUCCH format 0. 

Proposal 2: 
· UE is not expected to be indicated a PUCCH format 0 resource for HARQ-ACK transmission that collides partially over any of the configured PUCCH format 0 for SR.

For the HARQ-ACK transmission using PUCCH format 0 overlaps with K>1 PUCCH resource configured for SR transmission, some following alternatives are considered to handle the multi SR indication reporting.

Alternative 1 is to report only 1 SR bit.
Given PUCCH format 0 has limited capacity of up to 2 bits, UE only reports 1 SR bit regardless which SR configuration is triggered among K configured SR resource. How to handle the 1 SR bit can be up to gNB. For example, the gNB can assume the SR configuration with the highest priority is triggered. As known, each SR configuration corresponds to a logical channel. Different logical channels are used for different data transfer services which may require different numerologies and/or TTI duration and/or different packet of data size. If the gNB always schedule based on the SR with the highest priority, there may be mismatch on the scheduled resources and latency requirements for the pending traffic.

Alternative 2 is to extend the cyclic shift offset values in the HARQ-ACK resource to report multiple SR indication.
For example, in case of 1 bit HARQ-ACK, 4 cyclic shift resource should be reserved for simultaneous transmission of 1 bit HARQ-ACK and 1 SR. And the 8 remaining cyclic shift resource can be used to indicate the other 4 SR PUCCH resource configuration. Thus, a maximum of K=5 SR configuration may be differentiated by applying cyclic shift offset values over the HARQ-ACK cyclic shift. To protect the HARQ-ACK performance, UE may only support 3 cyclic shift values, namely, with a cyclic shift offset of 2, 3, and 4 respectively. Similarly, in case of 2 bits HARQ-ACK, up to 2 SR configurations can be reported by cyclic shift offset of 1 and 2. For alternative 2, the total 12 cyclic shift resource cannot accommodate more than K>2 SR resource configuration in case of 2 bit HARQ-ACK and cannot accommodate more than K>5 SR resource configuration in case of 1 bit HARQ-ACK. How to handle more than 2 SR configuration in case of 2 HARQ-ACK bit and more than 5 SR configuration in case of 1 HARQ-ACK should be further considered.

Alternative 3 is like PUCCH format 1 to use on-off-keying principle if overlapped SR configuration K>1.
The alternative 3 is like PUCCH format 1 using on-off-keying principle if overlapped SR configuration K>1. Namely, if UCI transmission on a PUCCH using format 0 overlaps in time with K>1 PUCCH resource configured for SR transmission, UE transmits the HARQ-ACK and positive SR on a PUCCH resource for SR transmission while UE transmits the HARQ-ACK and negative SR on a PUCCH resource for HARQ-ACK transmission. gNB can blind decode on different PUCCH resource and is aware which SR is triggered among the K>1 PUCCH resource configured for SR transmission. Based on alternative 3, in case of 1 bit HARQ-ACK, 2 cyclic shift resource should be reserved for each SR configuration. In case of 2 bit HARQ-ACK, 4 cyclic shift resource should be reserved for each SR configuration.

For alternative 1, there is no additional resource consumption and UE cannot be capable of reporting multi SR indication to gNB.

For alternative 2, some additional cyclic shift resources are required in HARQ-ACK resource and UE is capable of reporting limited multi SR indications to gNB.

For alternative 3, cyclic shift resource should be reserved for each SR configuration based on the number of HARQ-ACK bits and UE is capable of reporting multi SR indications to gNB.   

Based on the comparison between alternative 1, 2 and 3, we propose: 

Proposal 3: 
· For the case a UCI transmission on a PUCCH using format 0 overlaps in time with K>1 PUCCH resource configured for SR transmission, extend the cyclic shift offset values in the HARQ-ACK resource to report multiple SR indication.
· FFS: how to handle the K>2 SR resource configuration in case of 2 bit HARQ-ACK and K>5 SR resource configuration in case of 1 bit HARQ-ACK.
Multiplexing HARQ-ACK and multi-SR using PUCCH format 1
Below agreement in RAN1 #89 meeting [2] has agreed two states SR is based on on-off-keying for PUCCH format 1. Besides, current 38.213 at least indicates that for a UCI transmission on a PUCCH using format 1 overlapping in time with one PUCCH resource for SR transmission, on-off-keying is applied.

	Agreement:
· Long duration NR-PUCCH for up to 2 bits in a given slot is composed as the followings:
· HARQ ACK by BPSK or QPSK modulation is repeated in time domain and multiplied with sequence(s)
· FFS: pi/2 BPSK usage
· Two states SR is based on on-off-keying
· Time domain OCC can be applied over multiple UCI/DMRS symbols per frequency hop



[bookmark: _GoBack]Next, we would discuss the case that a UCI transmission on a PUCCH using format 1 overlapping in time with K PUCCH resource for SR transmission. The above on-off keying principle is still applicable for multiple configured SR PUCCH resource case. Based on RAN2’s procedure, only one PUCCH resource for SR would be selected in case that there are valid PUCCH SR resources in case of positive SR. Namely, MAC layer only selects a valid SR PUCCH resource for positive SR transmission and instruct the physical layer to signal the SR. Physical layer just follows the instruction from MAC layer and transmit the HARQ-ACK on its assigned SR PUCCH resource for a positive SR transmission regardless how many PUCCH resource for SR transmission are configured. 

Proposal 4: 
· Apply on-off-keying principle to the case if a UCI transmission on a PUCCH using format 1 fully overlaps in time with K>1 PUCCH resources configured for SR transmission.
· For partial overlapping case between HARQ-ACK and SR using format 1, on-off-keying principle should be also applied as much as possible. 
· FFS: which partial overlapping case is applied. 
Multiplexing HARQ-ACK and multi-SR using PUCCH format 2, 3 or 4 
In RAN1 201801 AdHoc meeting, an agreement has been reached that using X bits to represent a SR info in case a UCI transmission in a PUCCH using PUCCH format 2 or 3 or 4 overlaps in time with K PUCCH resources for SR transmission. Noted that K is the actual number of SR configuration whose PUCCH resource overlaps a PUCCH for HARQ-ACK transmission.
	Agreement:
· 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 the end of HARQ-ACK followed by CSI.
· Note: X is used to indicated both the presence or absence of SR and which of the K configured SR is embedded.
· FFS: X=ceil(log2(K+1))



However, how to determine the size of X bits is still a remaining points. A straight and simple way to determine the size of X bits is to set X=K as bitmap way so that each bit in the bitmap can represent a SR status (positive SR or negative SR) for each SR configuration. Another alternative is to use equation X=ceil(log2(K+1)). One code point is used to represent negative SR state for all K configured SR configurations. The K code points out of remaining code points correspond to K configured SR PUCCH resource among which a SR configuration is triggered. The association between the value of K code point and K configured SR configuration can be based on an ascending order of SchedulingRequestId. Hence, the X bit derived by ceil(log2(K+1)) can also represent a SR status for each SR configuration as like what bitmap way do. The size of X bits for both bitmap way and equation alternative is variable and depends on the actual overlapped SR resource K. However, comparing with bitmap way, the equation-based alternative can obviously reduce the UCI bit overhead. RAN2 has agreed that maximum of 8 SR configurations should be supported per MAC entity in RAN2 #100 meeting. If the worst case was taken into consideration that the number of K is equal to maximum number 8, bitmap way requires 8 bits while equation-based alternative only need ceil(log2(8+1))=4 bits. 

MAC layer may instructs physical layer to signal SR for corresponding SR configurations. As shown in Fig. 1, MAC layer may instruct the physical layer to signal the multi positive SRs on the TDMed SR resources in same slot as like SR0 and SR1 for SR configuration #0 and #1. There is possibility that multiple positive SR transmissions collide with PUCCH format 2/3/4 resource for HARQ-ACK transmission. For this case, UE can indicate only one positive SR configuration (for example, a SR configuration with the lowest SchedulingRequestId) by the X bits.
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                 Fig.1: Overlapping between SR resource and HARQ-ACK resource

Based on above discussion, we propose: 

Proposal 5: 
· If a UCI transmission on a PUCCH from a UE using format 2 or 3 or 4 overlaps in time with K PUCCH resources, each configured for a SR, X=ceil(log2(K+1)) bits are used to represent a SR being indicated by the UE and appended to the end of the end of HARQ-ACK followed by CSI.
· For the case multiple triggered SR resource collide with PUCCH format 2 or 3 or 4 resource for HARQ-ACK transmission, UE indicates only one positive SR configuration with lowest SchedulingRequestId via the X bits.
Conclusion
In this contribution we present our views on remaining points related with multiplexing HARQ-ACK and multi SR case. We propose:

Proposal 1: 
· UE is not expected to be indicated different HARQ-ACK PUCCH format from SR PUCCH format for multiplexing SR and HARQ transmission case using format 0 or 1.
Proposal 2: 
· UE is not expected to be indicated a PUCCH format 0 resource for HARQ-ACK transmission that collides partially over any of the configured PUCCH format 0 for SR.

Proposal 3: 
· For the case a UCI transmission on a PUCCH using format 0 overlaps in time with K>1 PUCCH resource configured for SR transmission, extend the cyclic shift offset values in the HARQ-ACK resource to report multiple SR indication.
· FFS: how to handle the K>2 SR resource configuration in case of 2 bit HARQ-ACK and K>5 SR resource configuration in case of 1 bit HARQ-ACK.

Proposal 4: 
· Apply on-off-keying principle to the case if a UCI transmission on a PUCCH using format 1 fully overlaps in time with K>1 PUCCH resources configured for SR transmission.
· For partial overlapping case between HARQ-ACK and SR using format 1, on-off-keying principle should be also applied as much as possible. 
· FFS: which partial overlapping case is applied.

Proposal 5: 
· If a UCI transmission on a PUCCH from a UE using format 2 or 3 or 4 overlaps in time with K PUCCH resources, each configured for a SR, X=ceil(log2(K+1)) bits are used to represent a SR being indicated by the UE and appended to the end of the end of HARQ-ACK followed by CSI.
· For the case multiple triggered SR resource collide with PUCCH format 2 or 3 or 4 resource for HARQ-ACK transmission, UE indicates only one positive SR configuration with lowest SchedulingRequestId via the X bits.
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