3GPP TSG RAN WG1 #83
    


              R1-156757
Anaheim, USA, November 15 – 22, 2015
Agenda item:
6.2.2.1.3
Source: 
Samsung 

Title: 
Multiplexing of periodic CSIs report and HARQ-ACK feedback
Document for:
Discussion and Decision

1 Introduction

In CA with up to 32 cells, periodic CSI reports for multiple serving cells/CSI processes could be reported in a subframe, with or without HARQ-ACK bits. In RAN1#82bits, the following agreements was made [1],

Agreement:

· Per-CC configuration of periodic CSI (up to 32 CCs) as rel-12 

· Reporting mode, periodicity, subframe offset (separately for RI and CQI/PMI), PUCCH format 2 resource as in Rel-12

· The existing per-CC P-CSI configuration is extended to support up to 32 CCs

· Up to two At least one  (FFS more than one) UE specific configuration(s) for multi P-CSI transmission (“multi P-CSI resource ”), each including the following  

· PUCCH Format (new PUSCH-like PUCCH format, FFS: new PUSCH-like format with CDM, FFS: format 3) 

· PUCCH Resource

· Max supported payload [bits or reports] or code rate, up to 8 32 RRC signaling states

· If the maximum is exceeded, the UE drops reports according to priority rules (Rel-12 rules as a baseline) until supported payload is not exceeded 

· [Power control related parameters, common config for all UCI types] 

· In a subframe where only one periodic CSI occurs, PUCCH format 2 is used as in Rel-12

· In a subframe where more than one periodic CSI occur, one of the multi P-CSI resource(s) is used

· FFS how to select one of the multi P-CSI resource(s)
· FFS how to define a maximum number of CSI + HARQ-ACK/SR bits to be transmitted in one new PUSCH-like PUCCH resource in a subframe 
Agreement:

· For the PUSCH-like new PUCCH format,

· At least when ARI is available, PUCCH resource is indicated by ARI.

· 2-bit ARI indicates one of the PUCCH resources configured by higher-layers.

Agreement: 

· For both FDD and TDD, configure 4 PUCCH resources for whichever of the new PUCCH formats is configured, indicated by ARI
· In case of the PUSCH-like format, each PUCCH resource may comprise a different number of PRBs
This contribution considers remaining open issues on P-CSI only transmission and on P-CSI + HARQ-ACK/SR transmission. 
2 Maximum P-CSI payload

As proposed in [1], a maximum supportable P-CSI payload can be defined as the maximum number of bits/P-CSI reports or as the maximum code rate. The maximum payload depends on the number of configured PRBs (from 1 to 8) and can also depend on normal/extended CP. The maximum code rate avoids such dependencies and follows existing principles for defining decodable TBS for PDSCH or minimum ECCE aggregation levels for a DCI format. It is also a future-proof approach in case different subframe structures are used.
Proposal 1: Maximum supportable P-CSI payload is defined by maximum code rate regardless of the number of configured PRBs and regardless of normal CP or extended CP. 
3 P-CSI only transmission
It is agreed that multiple PUCCH resources can be configured for respective sets of P-CSI reports [1]. If two PUCCH resources are configured for PUCCH format 4 and are not in contiguous PRBs, one of the PUCCH Format 4 resources is used for P-CSI transmission. Otherwise, if the resources are contiguous, both can be used so that the UE does not have to drop P-CSI reports. For a large number of configured serving cells/CSI processes in a subframe, the total P-CSI payload can be larger than what the UE can report in a configured PUCCH resource in case transmissions of multiple sets of P-CSI reports coincide in a subframe. Therefore, a UE may only report a subset of P-CSIs in a subframe.

Case 1: Limitation by the capacity of PUCCH channel

If the total P-CSI payload is larger than the one that can be supported by the maximum PUCCH capacity (code rate exceeds a threshold), some P-CSI(s) are dropped according to Rel-12 prioritizations until the payload of the remaining P-CSI reports does not exceed the maximum PUCCH capacity. Otherwise, the UE can transmit all P-CSI reports unless the UE is power-limited. 
Case 2: UE power limitation
The total P-CSI payload may also be beyond the one the UE can support in case the UE power limited. Then, the UE can drop a number of P-CSIs so that the required transmission power of remaining P-CSIs does not exceed the available UE transmission power for P-CSI. This requires multiple decoding operations as the eNB does not know the exact power limitation of the UE. Nevertheless, this is also needed in case of HARQ-ACK/SR multiplexing with P-CSI as the eNB cannot know that the power limited UE completely drops P-CSI (and transmits only HARQ-ACK/SR). Then, the issue is whether the blind decoding operations at the eNB are limited to 2 (all HARQ-ACK/SR and P-CSI is transmitted or only HARQ-ACK/SR is transmitted and all P-CSI is dropped) or whether some intermediate P-CSI reporting is also allowed to avoid complete loss of P-CSI. 

Alternatively, the UE may drop all P-CSIs except the highest prioritized P-CSI and fall back to PUCCH format 2 (when a respective resource exists and when the UE does not transmit HARQ-ACK only for the PCell), i.e. to transmit only one P-CSI. The eNB can determine the UE behaviour based on the detection of two potential PUCCHs (e.g. PUCCH Format 4 and PUCCH Format 2). However, as the eNB does not know the actual power available at the UE, as DTX detection for a PUCCH format  can be unreliable, and as simultaneously trying to determine whether PUCCH Format 4 or PUCCH Format 2 is transmitted can result to errors, this can also lead to increased BLER or not be supported by eNB implementations.
In case only one PUCCH can be used for the P-CSI reporting, it should be the one with the lowest capacity that is however capable to carry all selected P-CSI reports. UL spectral efficiency may improve when the total P-CSI payload can be accommodated using the smaller PUCCH resource. 
Proposal 2: A UE determines the number of reported P-CSIs so that the required transmission power does not exceed the power the UE has available for P-CSI transmission.  

Proposal 3: A UE uses the PUCCH channel with the minimum capacity that can accommodate the P-CSI reports the UE transmits in a subframe. 
4 P-CSI + HARQ-ACK transmission
In addition to the multiple PUCCH resources configured for P-CSI reports [1], PUCCH format 1/1a/1b and/or the PUCCH format indicated by ARI can also be used for UCI transmission. 
When HARQ-ACK and P-CSI transmissions coincide in the same subframe, HARQ-ACK has higher priority than P-CSI. If the total payload size of HARQ-ACK and P-CSI is larger than the PUCCH capacity, P-CSI should be dropped until the remaining HARQ-ACK and P-CSI payload is smaller than or equal to the PUCCH capacity in a non-power limited case. A power limited UE may drop all P-CSIs and transmit only HARQ-ACK using the corresponding PUCCH resource. The eNB can determine the UE behaviour based on two CRC checks (HARQ-only or both HARQ-ACK and P-CSI) – DTX detection or other eNB implementation means may also be used. Alternatively, the UE may multiplex HARQ-ACK with part of P-CSI reports, according to respective P-CSI priorities, as long as a resulting transmission power is smaller than or equal to the maximum UE transmission power in the subframe. Depending on the multiplexing granularity, this can require one or more additional decoding operations as the eNB does not know the exact power limitation of the UE. 
· If PUCCH format 1/1a/1b is used for HARQ-ACK/SR, the PUCCH resource must be one of the configured resources for P-CSI reports unless the UE is power limited. The PUCCH resource should be the one that can accommodate the total UCI payload. 
· If a PUCCH indicated by ARI is available, the PUCCH resource used is selected from the ARI indicated PUCCH and the PUCCH resource configured for P-CSI report. The PUCCH resource should to be the one that can accommodate the total UCI payload. If the two PUCCH resources (the one configured for P-CSI transmission and the other is indicated by ARI) have the same capacity, the resource configured for the P-CSI report can be used to avoid wasting UL resources as the reserved PUCCH Format 4 resources for HARQ-ACK are likely to be located towards the interior of the UL bandwidth so that they can be used for data transmission. 
Proposal 4: If transmissions of P-CSI(s) and HARQ-ACK/SR coincide in a subframe and if PUCCH format 1/1a/1b is to be used for HARQ-ACK/SR, a non-power limited UE uses a PUCCH resource configured for P-CSI reports. If the UE is power limited, the UE drop part of P-CSI reports and transmits remaining UCI on a PUCCH resource configured for P-CSI reports or the UE transmits HARQ-ACK/SR on PUCCH format 1/1a/1b is all P-CSI is dropped.  
Proposal 5: If transmissions of P-CSI(s) and HARQ-ACK/SR coincide in a subframe and a PUCCH resource indicated by ARI is available for HARQ-ACK, a PUCCH resource for P-CSI + HARQ-ACK transmission is selected among the PUCCH resource indicated by ARI and the PUCCH resources configured for P-CSI; If the two PUCCH resources (the one configured for P-CSI transmission and the other is indicated by ARI) have the same capacity, the resource configured for the P-CSI report is used. 
5 Conclusions
In this contribution, we discuss remaining issue on P-CSI report and P-CSI + HARQ-ACK transmission. We make the following proposals. 
Proposal 1: Maximum supportable P-CSI payload is defined by maximum code rate regardless of the number of configured PRBs and regardless of normal CP or extended CP. 
Proposal 2: A UE determines the number of reported P-CSIs so that the required transmission power does not exceed the power the UE has available for P-CSI transmission.  

Proposal 3: A UE uses the PUCCH channel with the minimum capacity that can accommodate the P-CSI reports the UE transmits in a subframe. 
Proposal 4: If transmissions of P-CSI(s) and HARQ-ACK/SR coincide in a subframe and if PUCCH format 1/1a/1b is to be used for HARQ-ACK/SR, a non-power limited UE uses a PUCCH resource configured for P-CSI reports. If the UE is power limited, the UE drop part of P-CSI reports and transmits remaining UCI on a PUCCH resource configured for P-CSI reports or the UE transmits HARQ-ACK/SR on PUCCH format 1/1a/1b is all P-CSI is dropped.  
Proposal 5: If transmissions of P-CSI(s) and HARQ-ACK/SR coincide in a subframe and a PUCCH resource indicated by ARI is available for HARQ-ACK, a PUCCH resource for P-CSI + HARQ-ACK transmission is selected among the PUCCH resource indicated by ARI and the PUCCH resources configured for P-CSI; If the two PUCCH resources (the one configured for P-CSI transmission and the other is indicated by ARI) have the same capacity, the resource configured for the P-CSI report is used. 
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