Page 1
[bookmark: _Ref462675860]3GPP TSG RAN WG1 Meeting #93 	               R1-1807362
May 21 – May 25, 2018
Busan, Korea

[bookmark: Source]Agenda item:	7.1.3.2.4
Source: 	Qualcomm Incorporated
Title: 	Considerations for URLLC resource allocation for PUCCH
[bookmark: DocumentFor]Document for:	Discussion/Decision
1. [bookmark: _Ref465963108]Introduction
In RAN1#90bis [1], the following agreements have been made regarding PUCCH resource allocation:
Agreements:
· For both slot-based and non-slot based DL transmissions, and for indentifying PUCCH resource for HARQ-ACK with more than 2-bit UCI, at least following parameters can be jointly configured in one or multiple set(s) (if supported) of PUCCH resource(s) and indicated by the PUCCH resource indicator in DCI: 
· Starting symbol in the slot;
· Number of symbols;
· FFS: If only a single configurable value for long PUCCH in the set of PUCCH resource(s).
· FFS: It is configured for one for multiple PUCCH formats.
· Starting PRB;
· FFS granularity: PRB, RBG, or subband.
· FFS: Number of PRBs.
· FFS: Code resources.
· Only a limited number of values is configurable for each parameter in the set of PUCCH resource(s). 
· FFS: Configurable values.
· FFS: Some of above parameters can be partly implicitly derived.
· FFS: Possible joint encoding for some of above parameters
In addition, the following agreements have been made in RAN1#92 [2]:
Agreements:
· 3-bit ARI for DCI 1_0 and DCI 1_1
· 
At least 8 (up to 32) PUCCH resources can be configured in a resource set with 
· CCE-index-based implicit mapping is additionally used when >8 resources are configured.
· Note: Increasing RRC value range from 8 to 32
· 
8 PUCCH resources are configured in a resource set with .
· No implicit mapping
· Note: Changing RAN1#91 agreement.

In this contribution, we discuss the design considerations for PUCCH resource allocation for URLLC.
2. [bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]URLLC Resource allocation for PUCCH
2.1 PUCCH resource configuration
In NR, a UE may indicate the capability of supporting both eMBB and URLLC services. Furthermore, a UE maybe running both services simultaneously within one RRC connection period. In the current NR design, there is no distinction in PUCCH configuration between URLLC and eMBB. This means that URLLC service will share the same sets of PUCCH resources as eMBB, and they share the same PUCCH power control, and same max coding rate for each PUCCH format. However, since URLLC and eMBB have distinct latency and reliability requirements, such a design can be very problematic. Below we discuss the issues with resource allocation. 
In order to meet the stringent requirement on latency for URLLC, it is necessary for the gNB to configure PUCCH resources very frequently in the time domain within a slot, e.g., one PUCCH resource in every 2 OFDM symbols is required, to allow fast Ack/Nack feedback from the UE for URLLC. On the other hand, for eMBB, PUCCH resources of different frequency positions and different durations within one slot are necessary to reduce the PUCCH collision probability and to allow the PUCCH transmission to adapt to the dynamic channel quality. To meet the requirements of both URLLC and eMBB, a larger number of PUCCH resources in a PUCCH resource set need to be configured to the UE. As a consequence, the current DCI design of 3 bits ARI (plus implicit mapping) may not be sufficient to support such a need. Increasing the bit-width of the ARI field in DCI is not a good solution to this problem, since it affects the DCI for both URLLC and eMBB, and at the same time it decreases the reliability of PDCCH. In addition, the gNB needs to guarantee that the configured PUCCH resources within each PUCCH resource set must be able to serve both PUCCH and URLLC, and the gNB scheduler must guarantee that eMBB and URLLC do not use the same PUCCH resource. 
Secondly, from system performance point of view, such a design is also highly inefficient. A frequent PUCCH resource configuration is not at all necessary for eMBB; whereas a PUCCH resource configuration with larger number of OFDM symbols is not useful for URLLC due to latency constraint. Therefore, it is a waste of signaling overhead to let the eMBB and URLLC services share the same PUCCH resource sets. 
Thirdly, the discussion for a dedicated DCI format for URLLC is still ongoing in RAN 1. Such a URLLC DCI format may end up with a much smaller bit-width for the ARI field. In that case, it is more desirable to configure a fewer number of PUCCH resources for URLLC. However, if the URLLC and eMBB share the same PUCCH resource sets, then additional signaling method needs to be used to indicate all the PUCCH resources within a resource set. 
A natural and simple remedy to all the issues listed above is to have separate PUCCH configurations for URLLC and eMBB. In this case, eMBB and URLLC services do not need to share the same sets of PUCCH resources. From performance point of view, to guarantee the reliability of URLLC PUCCH, the gNB should avoid scheduling an URLLC PUCCH to be CDMed with an eMBB PUCCH (from a different user), since there will be interference caused by the channel multipath fading. To achieve this goal, the gNB may config non-CDMed resources to URLLC PUCCHs, and CDMed PUCCH resources (e.g., different cyclic shifts of a same RB) to eMBB PUCCHs. This is hard to achieve if the eMBB and URLLC services share the same PUCCH resource sets. 
[bookmark: _GoBack]In addition to the resource allocation, different PUCCH configurations allow the URLLC and eMBB services to have different max code rates, which achieves different reliabilities. Based on the discussions above, we propose the following.  
Proposal 1: NR should have separate PUCCH configurations for URLLC and eMBB. 
Proposal 2: The number of PUCCH resources contained in a URLLC PUCCH resource set may be less than the number of resources within an eMBB PUCCH resource set. 

2.2 Indication of time-domain PUCCH resource allocation for URLLC
Next, we discuss how to efficiently indicate the PUCCH time-domain resource allocation for URLLC.  In the current DCI design, the indication of time-domain resource allocation for PUCCH is performed by combining two separate DCI fields: a 3-bit PDSCH-to-HARQ timing indicator (i.e., K1), and a 3-bit ARI, where the K1 value indicates the slot number of the PUCCH, and the ARI indicates the starting OFDM symbol of a PUCCH resource within the slot. For URLLC, there are two problems with such a design. First, the slot-granularity for K1 may be too large, which makes the larger K1 values (e.g., 4~8) for URLLC useless. Secondly, as we discussed earlier, since the starting OFDM symbol for a PUCCH resource is relative to a slot, a larger number of PUCCH resources need to be configured within one slot in order to guarantee fast ACK/NACK feedback. 
Given the tight schedule in RAN 1, it might not be feasible to have a completely new design for the signaling and indication of time-domain resource allocation for URLLC for Rel 15. A simple solution would be to reuse the existing eMBB indication framework (i.e., PDSCH-to-HARQ timing + PUCCH starting symbol using ARI), but to reduce the granularity of K1 (i.e., PDSCH-to-HARQ timing) to the number of symbols, and to interpret the starting OFDM symbol of a PUCCH resource as relative to the end of PDSCH transmission plus K1. This method provides sufficient configuration and scheduling flexibility for the gNB, and at the same time requires minimum specification effort. Furthermore, by configuring the minimum K1 value to be bigger than N1, the UE is guaranteed to have enough processing time to prepare for PUCCH transmission, regardless of gNB scheduling behavior. An example of the proposed solution is provided in Figure 1. Note that, in order to implement such a scheme, URLLC and eMBB need to have separate PUCCH configurations.
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Figure 1: PUCCH resource indication for URLLC
Based on the above discussion, we propose the following. 
Proposal 3: For URLLC, the PDSCH-to-HARQ timing can be configured in the unit of number of symbols, and the starting OFDM symbol of a PUCCH resource can be interpreted as relative to the end of PDSCH plus the value indicated by the PDSCH-to-HARQ timing.
3. Conclusion 
In this contribution, we have discussed the design considerations for PUCCH resource allocation for URLLC. To this end, we have made the following proposals:
Proposal 1: NR should have separate PUCCH configurations for URLLC and eMBB.   
Proposal 2: The number of PUCCH resources contained in a URLLC PUCCH resource set may be less than the number of resources within an eMBB PUCCH resource set. 
Proposal 3: For URLLC, the PDSCH-to-HARQ timing can be configured in the unit of number of symbols, and the starting OFDM symbol of a PUCCH resource can be interpreted as relative to the end of PDSCH plus the value indicated by the PDSCH-to-HARQ timing.
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