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Introduction
This document summarizes the views expressed in the contributions submitted to the RAN1#92 under agenda item 7.1.3.2.1 which are mainly related to the structure of Short PUCCH (i.e. PUCCH format 0 or 2) and the corresponding signaling and UE procedures for transmission of short PUCCH. Please note that some issues are considered in relation to other PUCCH formats, i.e. PUCCH formats 1, 2 or 3 in order to be properly addressed. For reference, the list of the contributions is available in the Appendix. Moreover, some proposals for agreement on the relevant remaining details are provided. 
This document is the updated version of R1-1803324 based on the offline discussion during the RAN1#92 meeitng.
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Maximum number of configured SR per BWP (RRC impact)
RAN2 agreed that there can be up to 8 instances of SchedulingRequestConfig which each creates one logical block in MAC that collects the triggers from the associated logical channel, checks the MAC prohibit timers and then passes it to the L1 SchedulingRequestResourceConfig associated with the SchedulingRequestConfig. The “maxNrofSR-Resoruces” is supposed to determine the maximum number of L1 resources per BWP of a cell. That has not been decided.
	Possible agreement:
· The maximum number of configured SR PUCCH resources per PWP of a cell is:
· [8]?




[bookmark: _GoBack]HARQ-ACK bit mapping for F0/F1 and DL miss detection
Two companies (HW, Vivo) have raised the issue that the HARQ-ACK bits mapping to the cyclic shift for format 0 and well as bits to QPSSK/BPSK symbol mapping for PUCCH format 1 can cause issues. In case the UE misses a DL assignment and mistakenly assume one HARQ-ACK bits instead of two bits, the current mapping results in the situation that the one bi in case of DL miss detection at the UE. It was mentioned this issue would impact the NACK to ACK error probability which its corresponding requirement is more stringent than PDCCH miss detection.
The problem is shown the following figure.
[image: ]
[image: ]
Both companies have proposed solutions to solve this problem.
During the offline discussion, other companies expressed views opposing any changes in the mapping of bits to CS/symbols for PUCCH F0/F1. Some of the reasons are summarized below:
· The scenario can happen only for dynamic code book when the second PDDCH is fixed,
· The solutions do not help to solve the problem in case the first PDCCH is missed.
· With change of mapping the overall performance can be degraded (QC shared some results showing 0.5 dB loss).
· The problem can be solved by scheduling UEs on different PRB.
· With the changes, Grey coding is not used for F1 which considered as an issue.

The following simulation results are provided in R1-1803451 in favour of change the A/N to CS or QPSK symbols mapping proposed in R1-1802727:
[image: ]
The following simulation results are provided by QC in favour of not making any changes in the spec (update reference):
[image: cid:image001.png@01D3AFC3.B58F3060]
 The following proposal can be considered for potential agreement: 
	For further discussion:
· Continue discussion whether any changes in the bits to Cyclic shift/QPSK symbols mapping for format 0 /format 1 is necessary.



Clarification of DMRS sequence length
It has been discussed (HW) that determining explicitly the size of DMRS in TS38.211 is an important step for the signal generation, although this information is provided in the subsequence clause. The corresponding TP is already agreed for PUCCH format 2. Therefore, the following text proposal for TS 38.211 is proposed for format 3 and 4. 
	[The following TP will be further updated until next revision. Possible agreements]:
· Revise clause 6.4.1.3.3.1 in TS 38.211 to clarify the size of DMRS sequence as the following: 
-------------------------------Start of Text Proposal-------------------------------------------------------
6.4.1.3.3.1	Sequence generation
The reference-signal sequence [image: ] shall be generated according to
[image: ],

where is given by clause 6.3.2.6.3 and [image: ] is given by clause 6.3.2.2. 

-------------------------------End of Text Proposal-------------------------------------------------------




SR indication
In the MAC specification TS 38.321, section 5.4.4, there is a note:
NOTE:      The selection of which valid PUCCH resource for SR to signal SR on when the MAC entity has more than one overlapping valid PUCCH resource for the SR transmission occasion is left to UE implementation.
In cases that the SR PUCCH resources overlap in time, RAN2 has assumed that the gNB can determine which SR configuration triggered the PUCCH transmission. Therefore, to make this assumption valid, RAN1 made the following agreements:
Agreements (RAN1#AH01):
· 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
Companies (E//, CATT, Samsung, Nokia) have provided solutions to address the open issues to resolve determination of SR identity at gNB when the corresponding SR is multiplexed with other UCI on a PUCCH resource.
SR multiplexed with AN/CSI on PUCCH format 2, 3 or 4
Based on the agreement, X bits are transmitted to determine the identity of the SR being triggered. The remaining open issue is how the X bits are constructed. Companies have provided similar proposals in general which are listed below:

Proposals (CATT): 
· Negative SR state should be assumed when doing the channel coding of HARQ or HARQ-ACK+CSI if UE does not know there is a positive SR.
Proposal (Samsung): 
· When a UE has K SRs configured in a same time position,
· X=ceil(log2(K+1)) bits to indicated both the presence or absence of SR and which of the K configured SRs is embedded.
· Value 0 of the X bits is mapped to absence of any SR, while value k of the X bits is mapped to k-th SR imbedded. The K SRs in a time position is sorted according to the order when the M SRs are configured.
Proposal (Nokia): 
· When UCI transmission using PUCCH format 2 partially overlaps in time with K occasions for SR transmission each configured to use PUCCH format 0, X bits representing the corresponding SR transmission occasion and the SR value are appended to the UCI bits.
	 
Proposal (E//):
· If a UCI transmission on a PUCCH from a UE using format 2 or 3 or 4 overlaps in time with K PUCCH configured SR resources, X=ceil(log2(M+1)) bits are used to represent an SR being indicated by the UE where M is the number of configured SR IDs for the UE.
· All-zero X represent the absence of SR. Otherwise, X provides the configured SR ID with positive SR.
The proposals are in general aligned. However, E// raised the issue to distinguish between a configured SR PUCCH resource ID and a configured SR ID to convey the relevant message to gNB by reducing the overhead as explained below:
The scheduling request resource configuration is identified by the SchedulingRequestResourceId which is used to identify the scheduling request PUCCH resource used for the corresponding SR configuration ID. A schedulingRequestID is mapped to one or multiple SchedulingRequestResourceId. In other words, one SR ID on the MAC level that is associated to one logical channel, can be mapped to one or multiple configured SR PUCCH resources.
During the offline session, it was discussed that the MAC layer cannot exchange information with the PHY layer. After further checking, that seems to be the possible case. Although one SR ID can be mapped to one or more SR PUCCH resource IDs. Hence, in order to make progress it is suggested to adopt Alt 1a from R1-1803258 which is suggested in the following:


	Possible agreements:
· 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, 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.



SR multiplexed with AN on PUCCH format 1
In case a UCI transmission of format 1 (that is a UCI with 1-2 AN bits), overlaps with multiple configured SR PUCCH resources in time, two different solutions are proposed:
Alt1 1 (E//): 
· If a UCI transmission on a PUCCH format 1 from a UE that conveys HARQ-ACK information and SR, overlaps in time with K configured PUCCH SR resources that are confined within the HARQ-ACK PUCCH resource, 
· If an SR is present, the UE indicates the corresponding SR resource ID by using the configured SR PUCCH resource for transmission of HARQ-ACK.
· If the SR is absent, the UE indicates the absence of the SR by using the HARQ-ACK PUCCH resource for transmission of HARQ-ACK.
· Note: PUCCH format 1 is used for both HARQ-ACK PUCCH resource and SR PUCCH resource.
Alt 2 (Samsung): 
· 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.

Further discussions are needed to clarify some details in order to reach to an agreement.
	For further discussion:
Discuss the differences between Alt 1 and Alt 2 in order to reach to a consensus. Some discussion topics are listed below:
· Changes of UCI PUCCH format
The main difference between Alt 1 and Alt 2 is that in Alt 1, when UCI is multiplexed with SR, the PUCCH format that is used for transmission of the UCI, is based on the PUCCH format of UCI (without SR) while in Alt 2 depending on the number of overlapping configured SR, the PUCCH format changes.
· Restriction of the configured SR PUCCH resources
With Alt1, when AN is based on PUCCH format 1, SR should also be based PUCCH format 1, otherwise it can not be multiplexed with UCI. Moreover, the SR PUCCH resources should be confined/coincides within AN PUCCH resources. In Alt 2 there is not such restriction.
· Some clarifications
In Alt 2, for K>2,the UE determines the resource set based on #AN bits + X bits and the PUCCH format for transmission of AN/Sr based on ARI field in the DCI. 
· Other aspects



SR multiplexed with AN on PUCCH format 0
In case a UCI transmission of format 0 (that is a UCI with 1-2 AN bits), overlaps with multiple configured SR PUCCH resources in time, the following are the proposed solutions for multiplexing A/N and SR.:
Alt 1a (Nokia): 
· 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 1b (CATT): 
· For the case of multiple SR configurations with overlapping SR occasions, if a UE is configured to transmit HARQ-ACK and SR on PUCCH using PUCCH format 0, the following method can be considered:
· a set of resources derived from the initial resource for HARQ-ACK are reserved according to the SR configurations and the HARQ-ACK is transmitted on a resource depending on a positive SR triggered by one SR configuration or negative SR where the resource reservation is shown in Tables 2 and 3 for 1 and 2 HARQ-ACK bits respectively.
· Note: CS to AN mapping tables are provided for 2 SR configuration.
Alt 1c (E//):
· If a UCI transmission on a PUCCH format 0 from a UE that conveys HARQ-ACK information and SR, overlaps in time with configured SR PUCCH resources corresponding to K=2 configured SR IDs, the HARQ-ACK PUCCH resource is used for transmission of HARQ-ACK where
· 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.
· FFS for K>2.


Alt 2 (Samsung): 
· 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.

Alt 3 (Intel): 
· If HARQ-ACK transmission using PUCCH format 0 partially overlaps in a slot with K (K> 0) PUCCH resources, each being configured for an SR, the following UCI multiplexing rules are applied.
· For K = 1, 
· Multiplex and transmit HARQ-ACK and SR on the HARQ-ACK PUCCH resource. 
· The cyclic shift of HARQ-ACK is used for negative SR, while the cyclic shift of HARQ-ACK incremented by 3 (for 1-bit HARQ-ACK) or 1 (for 2-bit HARQ-ACK) is used for positive SR.
· For K >1, 
· Drop all SRs and transmit only HARQ-ACK on HARQ-ACK PUCCH resource.


The proposals are basically fall in three categories as listed below:
· Alt 1 (1a/1b/1c):
· For 1-2 bits AN with PUCCH format 0, AN/SR are transmitted using the PUCCH format 0.
·  Alt 1a: 1 additional CS based on AN PUCCH resource
· Alt 2b/2c: 2 additional CS based AN PUCCH resource
· Alt 2:
· Depending on the number of overlapping configured SR, the PUCCH format changes For more than one overlapping configured SR, a PUCCH format more than 2 bits, i.e. PUCCH format 2 or 3 or 4 is used.
· Alt 3:
· The multiplexing is supported only for one overlapping configured SR. For multiple overlapping configured SR, the SR is dropped and only A/N is transmitted.
:
	For further discussion:
· Discuss the impact of choosing any of Alt 1,2 as compare to Alt 3.
Both Alt 1 and Alt 2 allow transmission of SR in case of more than one overlapping SR, while this is not permitted for Alt 3. What would be the consequences depending if Alt 3 is supported or not?
· Differences between Alt 1 and Alt 2 
The similar guidelines as previous section can be used here. For discussion
· Comparing different variant of Alt 1
Alt 1a is simpler than Alt 1b/c informing the gNB of an SR without providing y information on the corresponding triggered logical channels. Alt 1b/c have the possibility to provide more information about the triggered logical channels, for example only the two with the highest priority are considered. Other options can be considered for the case of more than 2 overlapping configured SR PUCCH resource which should be discussed.
· Other aspects



Other issues
The following was proposed by CATT.
Proposal (CATT): 
· When there is only CSI with PUCCH format 2/3/4 that collides with multiple SR configurations, CSI should be dropped on the overlapped portion if negative SR is assumed on CSI PUCCH resource but there is a positive SR in subsequence.
It is recommended to discuss the details of this proposal as well as its necessity. The following aspect can be considered as a starting point of the discussion:
· “dropping CSI on the overlapped portion”
· In case of format 3, 4, how the remaining parts would be useful considering different duration of PUCCH format 3 and 4 and different overlapping position.
· Would the rule be applicable for PUCCH format 2?
[bookmark: _Hlk507405109]Overlapping of UCI PUCCH resources (AN/SR)
Many companies have addressed the issue of overlapping PUCCH resources for different UCI and how to multiplex the UCI (Vivo, ZTE, Sanechip, CATT, Samsung, Nokia, OPPO, LG, QC, Intel, Panasonic, Sharp, E//).
This is an important topic that needs clarifications. Different companies have approached the problem from different angles. Therefore, it is important to discuss this topic jointly to conclude on a unified solution.
The solutions proposed vary from complexity and flexibility perspective as well as the implementation impacts either at the UE or gNB side.
There are few fundamental questions that are needed to be addressed in order to make some progress. 

	For further discussion:
In order to progress on this topic, discuss the following needs to be discussed and relevant decisions should be made:
· Priority rules
In the discussion of partial overlapping of PUCCH resources with SR, it is often mentioned dropping ACK/NACK in case of presence high priority SR. However, it is not clear whether the ACK/NACK belong to a high priority PDSCH transmissions. A frame work for assigning priority to ACK/NACK is missing. Therefore, we need to decide on the following:
· In Rel-15, is the priority rule for comparing SR and ACK/NACK is going to be considered?
· If no, is the priority rules are done similarly to LTE?
· If yes, how the priority of ACK/NACK is determined and compared to SR?

· PUCCH format generation
Among the solutions, methods based on interruptions, puncturing, shortening, etc are discussed. It is important to narrow down the scope.
Details related to each PUCCH format used for transmission of AN/SR.

· R1-1803431 captures the summary of the offline discussion and the recommendations.


Base sequence hopping level in time domain
The following with respect to the base sequence hopping to mitigate inter-cell interference was agreed.
Agreements (RAN1#91):
· For PUCCH formats 0, 1, 3 & 4, slot-level base sequence hopping as in LTE is reused
· FFS details especially regarding slot indexing considering the difference between NR and LTE
· Slot-level base sequence hopping for PUCCH format 3 and 4 is a function at least based on a configurable ID, similarly as agreed for PUCCH format 0 and 1.
· Note that: the configurable ID is already agreed for PUCCH base sequence hopping
· FFS: whether and how to support symbol-level base sequence hopping
It is agreed to adopt slot-level base sequence and cyclic shift hopping for PUCCH formats 0,1,3,4. During the RAN1#92 session hop-level base sequence hopping was agreed. 

The following proposes the Text proposal (R1-1803342) to capture that agreement:

	Possible agreement:
· To adopt the following TP for Section 6.3.2.2.1 of 38.211

[bookmark: _Toc500952723]6.3.2.2.1	Group and sequence hopping 


[bookmark: _Hlk500448443]The sequence group  and the sequence number  within the group depends on the higher-layer parameter PUCCH-GroupHopping:
-	if PUCCH-GroupHopping equals ‘neither’



	where  is given by [5, TS 38.213].
-	if PUCCH-GroupHopping equals ‘enabled’ 








	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized at the beginning of each radio frame with  where  is given by [5, TS 38.213].
-	if PUCCH-GroupHopping equals ‘disabled’










	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized at the beginning of each radio frame with  where  is given by [5, TS 38.213], and  is a frequency hopping index of each slot depends on the higher-layer parameter PUCCH-frequency-hopping as described in [5, TS 38.213] and the frequency hopping index:
·  = 0     if PUCCH-frequency-hopping = disabled
·  = 0     if PUCCH-frequency-hopping = enabled, and if the 1st frequency hopping
·  = 1     if PUCCH-frequency-hopping = enabled, and if the 2nd frequency hopping.




Issues potentially related to other agenda items
Semi-static UL/DL configurations and SR periodicity 
One of the companies (Vivo) raised the issue that SR transmission cannot be supported for some UL/DL semi-static configurations periodicity. The problem by itself is a valid point and has been raised in the previous meeting.
It appears that this issue belongs to the larger scope where it has been realized that the concatenated TDD configurations (a.k.a. X+Y) has some issues in relation to support monitoring SSB or some limitations due to other periodic transmissions or receptions.
Therefore, it is recommended to address this issue jointly with other periodic transmissions/receptions to provide a unified and stable design. 
Aperiodic CSI
In 3GPP RAN1#91 meeting, aperiodic CSI feedback on PUCCH is discussed, and the following was agreed:
Agreements (RAN1#91):
· No consensus in RAN1#91 on how to support A-CSI on short PUCCH in Rel-15. 
· Thus, A-CSI on short PUCCH is not part of RAN1 specification for completion by Dec. 2017.
[bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK113]One of the companies (HW) has addressed this issue and proposed the following:
Proposal: For triggering A-CSI on short PUCCH, 
· The CSI report is triggered with CSI request field in DL-related DCI.
Proposal: If HARQ-ACK and A-CSI are triggered by same DL-related DCI, support to use the same PUCCH resource for HARQ-ACK and A-CSI.
Proposal: If A-CSI and HARQ-ACK triggered by two DCIs are reported on the same slot, different PUCCH resources in TDM manner for the A-CSI and HARQ-ACK should be used.
· If the DCI triggering A-CSI is detected, UE should transmit A-CSI on the PUCCH resource indicated by this DCI.

The main contentious issue was that whether the trigger for the aperiodic CSI report should be in the DL assignment or UL grant. Therefore, it is recommended to resolve this issue first and then discuss the design related issues related to PUCCH resources. Hence the following way forward can be considered to make more progress:
	For further discussion:
· Discuss and decide in Agenda item 7.1.3.1.4 “DCI contents and formats” whether the aperiodic CSI on PUCCH should be triggered in DL assignment or UL assignment.
The Chairman instructed to address this issue in 7.1.3.1.4.
· Discuss and decide in Agenda item 7.1.3.2.1 “PUCCH structure in short-duration” the PUCCH resources depending on whether the HARQ-ACK and A-CSI to be reported on the same slot are triggered form the same or different DCI. 




Short PUCCH transmission occasion within a slot
One of the companies (Samsung) addressed that the transmission of short PUCCH in other occasions than the end of slot for slot, should be conditioned on the non-slot based operation.
It was intensively discussed last time that conditioning on slot based or non-slot based is not a proper way of specifying operation. During the discussion other use cases that non-slot based operation were brought up that would benefit from the possibility of transmission of short PUCCH on other occasions that end of the slot. It was also well understood that from the UE implementation perspective, it may not be possible to transmit short PUCCH in all the symbols within the slot. Hence it was agreed that the corresponding range values of the starting symbol index of short PUCCH is to determine the range values for RRC parameters. However, it should be addressed in RAN1, depending on the UE capability, which of those values can be supported. Hence that discussion should be taken in RAN1, not only create dependency to non-slot based transmission. Since the proposal by the source above was already addressed, it is suggested to take the next step as discussing the UE capability for this feature.
	For further discussion:
Transmission of short PUCCH in occasions than end of the slot can depend on the UE processing time capability.
· This can be addressed in the discussion of UE capabilities.




Number of PUCCH transmission within a slot
One of the source companies (HW) brought up the issue that based on the following agreement the UE is only allowed to transmit two short PUCCHs, or one long PUCCH and one short PUCCH in different symbols in one slot and consequently, corresponding corrections to the text in specification are proposed.
Agreements (RAN1#88bis):
· 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)
While this agreement can be interpreted as above, other agreements made after this one, for example SR using short PUCCH with a periodicity of 2 symbols, can be considered as resolving the open issues and the motivation for the current text in the specifications. Hence it would be useful to discuss and reach to a common understanding.
	For further discussion: Discuss to reach to a common understanding on the number of PUCCH that can be TDM within a slot from a UE
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Detection performance for PUCCH Format 0
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Observation: For PUCCH format 0, the new mapping can supply same detection performance as the old mapping.
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