
3GPP TSG RAN WG1 Meeting #91		                                                      R1-1720201
Reno, USA, November 27th – December 1st, 2017

Source:	CATT
[bookmark: Title]Title:	Further discussion on PUCCH resource allocation
[bookmark: Source]Agenda Item:	7.3.2.4
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
In the RAN1 #90bis meeting and subsequent email discussion, there were many technical discussions on PUCCH parameters configuration, format selection and resource allocation, in which some agreements were captured in [1]. In this contribution, we further analyze technical concerns for open issues, and provide our views on PUCCH resource allocation and parameter configuration.   
Explicit vs. Implicit indication 
Regarding the PUCCH resource allocation and indication, one main debate is supporting explicit indication or implicit indication. For implicit indication, it was proposed to reuse the LTE mechanism at least for NR PUCCH formats 0 and 1, where the PUCCH resource is linked to the lowest indexed CCE of the corresponding PDCCH. Though it could be possible to be applied in NR, some difficulties and new challenges are foreseeable, for example, UE specific CORESET configuration, variable HARQ timing, mini-slot scheduling and etc. These new issues make implicit resource allocation complicated. One possible complement method is using ARO in DCI like as EPDCCH to indicate one offset. This additional DCI information can adjust fixed mapping and further avoid the resource collision. As the consequence, it will go to one implicit and explicit combination scheme. Taking into account PUCCH starting symbol should be indicated in NR anyway, pure implicit indication is not workable. On the contrary, explicit resource indication may provide more flexibility to address dynamic resource allocation, variable timing or flexible format selection. 
One drawback of explicit indication is the potential for resource collision. In explicit resource allocation, gNB semi-statically configures a set of PUCCH resources for a user and the DCI scheduling PDSCH dynamically indicates a resource from this set. For a fixed number of resources and users, the collision probability grows as more users share the same resources. Implicit resource allocation on the other hand avoids collision since the PUCCH resource is tied to the CCE allocation. However collision events are possible with implicit resource allocation when MU-MIMO PDCCH transmission is employed. 
We investigate the collision rate for explicit resource allocation. This simulation tries to emulate the RRC and DCI indication process. UE will be allocated with one resource set with randomly selection from one pre-defined resource pool, and DCI is used to indicate one candidate from selected resource set.  
Here the Probability of collision= number_of_slots_with_at_least_1_collision/total_number_of_simulated_slots. 
The detailed simulation procedure is as follows:
Step 1: Assume total of 200 users within one cell, and assign each user with one resource set with K resources randomly selected from pre-configured N resources.
Step 2: Randomly pick up N users as active users in one slot.
Step 3: gNB will assign one resource from UE own resource set with DCI indication. 
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Figure 1 PUCCH resource collision evaluation 

Based on the figure 1 result, 2 bits DCI indication will lead to clear resource collision, but 3 bits will decrease collision rate close to zero. In case of DCI bits number, actually it is related to active users and resource grouping. For example, when 6 users are grouped to share 6 resources total, then 2 bits should be sufficient to make user resource separation. Though in theory 6 resources will require 6 indications, but 2 bits can indicate 4 candidates, based on simulation, the collision rate is less than 1 percent. Therefore, we have the following observation:
Observation 1: The collision probability can be reduced to a very low value with the appropriate ratio of number of scheduled users to the size of the set of PUCCH resources. A set of 8 resources is adequate for a practical number of scheduled users.
Regarding the DCI overhead comparison between explicit scheme and implicit scheme, more factors should be taken into account. Firstly, even in implicit scheme, starting symbol of PUCCH should be indicated separately. Considering variable PUCCH location, the DCI overhead of separate starting OFDM symbol indication is considerable. Secondly, in order to allow cross-slot scheduling or support MU-MIMO of PDCCH, additional offset indication should be used for implicit scheme unless reserving sufficient resources. Based on these analyses, the benefit of implicit on DCI overhead saving is not unclear.
Observation 2: No clear proof to justify DCI overhead benefit for using implicit scheme.
In view of aforementioned technical comparison, pure implicit scheme is not workable. If using implicit and explicit joint scheme, actually benefit of implicit scheme will disappear. Considering dynamic TDD usage in NR, conventional one slot mapping to one PUCCH resource set is not applicable. Though implicit mapping is feasible in very limited scenarios, applying one unified solution for all formats and all use cases is desired to simplify the system design.
Proposal 1: Adopt explicit DCI indication for NR PUCCH resource allocation. 
PUCCH resource set configuration and selection  
                                                              In case of PUCCH resource set configuration and selection, there were two candidates [2] based on last meeting discussion. 
· Alt.1: UE can select one PUCCH resource set from multiple configured PUCCH resource sets based on the UCI payload size (not including CRC).
· Alt.2: One or multiple PUCCH resource set(s) for each format
For above two alternative down-selection, there is one key question that whether dynamic format is needed. In our view, when the slot duration of UL is variable, the PUCCH duration should be changed accordingly. As one fallback requirement, long PUCCH may be needed even with short PUCCH configuration. Additionally, gNB may have some knowledge for UE SINR change, and then short or long format switching is beneficial in most of cases. 
Alterative 1 is mainly relying on payload size. In the agreed 5 formats, 2 formats are supporting up to 2 bits UCI transmission, and 3 formats are supporting more than 2 bits UCI transmission. Naturally using payload size can differentiate two PUCCH resource sets at least. If supporting dynamic format switching, no matter up to 2 bits or more than 2 bits, one resource set including long or short format is meaningful. In this sense, based on payload size, defining corresponding resource set can provide good flexibility.   
Alternative 2 is more flexible to support resource set configuration due to sufficient resource sets. However, since resource set is defined by RRC signaling, dynamic switching from one set to another set is not easy. One possible method is to add bit indication for format selection. But it can’t make unevenly resource distribution for different formats. As one consequence, joint indication for format and resource may not be optimized as alternative 1. Hence, in order to simplify the DCI indication and support dynamic format switching, we prefer alternative 1.

Proposal 2: Support payload specific PUCCH resource set configuration, where one resource set may comprise the resources from multiple formats.
Remaining parameters configuration
For PUCCH resource related parameters configuration, in the 90b-NR-30 email discussion, a framework for resource configuration was agreed. Further discussion is presented in this section for the remaining parameters.
· Starting slot
Due to variable timing for ACK/NACK feedback, this parameter can be considered jointly with HARQ timing indication. When scheduling one PDSCH, the related timing indication should be informed to the UE. Then separate DCI indication can be used in additional to PUCCH parameter indication.
· Starting PRB indication 
Regarding the PRB indication, one simple method is using RRC signaling to indicate each PRB within assigned BWP. Considering maximum PRB number is equal to 275, and then RRC signaling should be able to indicate any PRB when the maximum BW is configured. Though the BWP width is variable in real case, using consistent signaling is simpler and effective, no need additional optimization. 
· Number of PRB
In case of the maximum PRB number, currently only format 2 is open.  Format 2 is used for latency sensitive case, and then coverage is not very critical. For concrete PRB number configuration, coding rate, payload and SINR requirement will jointly determine the PRB number selection.  Actually, the payload size range of UCI has not been discussed in the past meetings, so it is very necessary to investigate the possible UCI size to facilitate the PRB assignment, maximum coding rate configuration and PUCCH resource set configuration. 
· Frequency hopping configuration
For frequency hopping configuration, it should consider the multiplexing of different UEs with different BWP. If following LTE hopping mechanism, resource collision or fragmentation would be one big problem. In our companioned contribution [3], one offset based hopping scheme is presented. In this scheme, the second hopping position can be derived by the first hopping location and one additional offset. Since the offset is configurable, different UE with different BWP can be multiplexed in a particular BWP.
· Index of initial cyclic shift
For the indication of initial cyclic shift indication, though possible CS value is 0-11 for one length-12 sequence, it is still confusing for the initial cyclic shift definition, which may be associated with ACK signal or NACK signal. In view of ACK and NACK pairing in CS indication, only ACK indication is not necessary to have 12 candidates. For example, CS gap needs to be specified. In our companioned contribution [4], one concrete HARQ-ACK/NACK to cyclic shift is proposed, where CS gap among different users multiplexing one PRB is maximized.
· Repeated slot number 
In case of slot repeated number in multi-slot PUCCH transmission, current assumption is configuring 4 possible candidates, not agreed on concrete value. In order to provide more flexibility for different numerology, this configuration should be robust to cover different use cases. In our companioned contribution [5], a few sets for different numerology are provided.
Proposal 3: for the remaining parameters configuration of PUCCH, supporting the following setup:
· Use separate DCI field to indicate the starting slot of PUCCH
· Use RRC signaling to indicate [0-274] PRB indices for PUCCH frequency location
· Configure one offset parameters to indicate the second hopping position 
· Supporting maximum CS separation for multiple users within one PRB
· Support different repeated slot set for different numerology 
RACH message 4 PUCCH resource allocation
For HARQ-ACK feedback of RA Msg. 4 transmission during the RACH procedure, since the set of PUCCH resources has not been configured to the UE before RRC connection establishment, how to indicate the HARQ-ACK PUCCH resource for RA Msg. 4 should be further considered. In the previous contribution [6], some possible options and technical analysis were investigated. Herein a few of candidate schemes are listed:
· Option 1: Indicate the PUCCH resource in SIB
· Option 2: Indicate the PUCCH resource in RAR
· Option 3: Use LTE CCE based implicit indication 

For the above options, different schemes may have different pros and cons. In the option 1, main concern is how to indicate a larger number of users with limited broadcasting information bits. In the second option, since RAR is associated with a group of users, then each PUCCH indication should be comprised in the RAR. It may have significant impact to RAR data structure. In case of the option 3, if from the resource mapping prospective, it could be feasible to use the lowest CCE index of PDCCH to map to one specific PUCCH resource, however, in NR, because the staring symbol position of PUCCH is variable, simple reusing the legacy mechanism is problematic.  In addition, PUCCH resource of message 4 will be sharing same resource pool with that of connected state UE. As discussed in section 2, it is better to have consistent resource allocation method for the UE being in initial access and the UE being in connected state. Then explicit indication method is preferred. 
Based on above analysis, one explicit indication framework is considered for the PUCCH resource allocation of message 4. Then back to above three options, option 1 is most possible to make explicit design. Therefore, through the resolving of concerns of option 1, one concrete SIB based Msg.4 PUCCH resource allocation is provisioned in the following descriptions. 
 In the initial access, UE will firstly monitor the SS block signal, after that, one preamble sequence is selected to send to gNB. Based on available NR agreement, the association between SS block and PRACH occasion will be indicated through RMSI. Since each UE will choose different preamble sequence for random access, it is possible to establish one connection between the preamble and PUCCH resource. 
More specifically, RMSI can indicate one mapping relationship between SS block and PUCCH resource, or indicate one joint mapping relationship among SS block, PRACH resource and PUCCH resource. Since RMSI has been used to indicate the association between SS block and PRACH resource, then additional mapping information only covers the association between PRACH resource and PUCCH. Within one PRACH resource, a few preamble sequences can be mapping to one specific resource set. 
Based on this method, one PUCCH resource set can be derived by the RMSI information, and further indication can use DCI to inform the UE one particular PUCCH resource. Therefore, this indication approach is aligned with PUCCH allocation in connected state, e.g RRC+DCI method.  In the figure 2, one simple diagram shows this mapping relationship.


                                  
Figure 2 PUCCH resource allocation for message 4


Proposal 4: In the PUCCH resource indication of message 4 of RACH, RMSI is used to indicate one mapping relationship among SS block, preamble sequence and PUCCH resource set, and DCI is used to indicate the one resource index of selected resource set.
Conclusion
In this contribution, we discuss the remaining issues for PUCCH resource allocation, in summary, a few of proposals and observations are provided:
Observation 1: The collision probability can be reduced to a very low value with the appropriate ratio of number of scheduled users to the size of the set of PUCCH resources. A set of 8 resources is adequate for a practical number of scheduled users.
Observation 2: No clear proof to justify DCI overhead benefit for using implicit scheme.

Proposal 1: Adopt explicit DCI indication for NR PUCCH resource allocation. 
Proposal 2: Support payload specific PUCCH resource set configuration, where one resource set may comprise the resources from multiple formats.
Proposal 3: for the remaining parameters configuration of PUCCH, supporting the following setup:
· Use separate DCI field to indicate the starting slot of PUCCH
· Use RRC signaling to indicate [0-274] PRB indices for PUCCH frequency location
· Configure one offset parameters to indicate the second hopping position 
· Supporting maximum CS separation for multiple users within one PRB
· Support different repeated slot set for different numerology 
Proposal 4: In the PUCCH resource indication of message 4 of RACH, RMSI is used to indicate one mapping relationship among SS block, preamble sequence and PUCCH resource set, and DCI is used to indicate the one resource index of selected resource set.
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