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1. Introduction
Regarding PUCCH resource allocation, NR will support both semi-static configuration and ARI-like explicit indication (a set of PUCCH resources is configured by higher layer signaling and a PUCCH resource within the configured set is indicated by DCI) for both long and short PUCCH format, and implicit indication is FFS. In RAN1 90b, RAN1 made good progress for explicit PUCCH indication and agreed the parameters for PUCCH resource set configuration. 

This contribution discusses the remaining details of parameters in configured PUCCH resource sets, and how UE selects one PUCCH resource set from multiple configured PUCCH resource sets. The implicit PUCCH resource indication for PUCCH format with small UCI payload for RRC-connected mode and Msg 4 is also discussed. 

2. Discussion
2.1 FFS parameters in PUCCH resource table  

· Starting slot 

RAN1 agreed to support dynamic indication (at least in combination with RRC) of the HARQ-ACK timing as part of the DCI. One way is to configure a set of HARQ-ACK timings and indicate one by a separate bit field in DCI. Another way is to configure HARQ-ACK timing (for starting slot) in the PUCCH resource set. With limited ARI bits, mixing starting slot with other parameters in the resource set increases the number of possible combinations and makes it difficult to optimize for all possible scenarios.  
Therefore,  having a separate bit field for the starting slot is preferred. 
· Value range of starting symbol

For sPUCCH, RAN1 agreed to support sPUCCH resources in the last and second last symbols as well as in other symbols of a slot, while the condition for other symbol locations is FFS for ‘slot-based’ scheduling. For non-slot based operation, it is natural to have similar scheduling flexibility for PDSCH transmission and HARQ-ACK feedback for PDSCH.  With non-slot scheduled PUSCH, gNB can easily handle the multiplexing between PUSCH and sPUCCH by allocating a proper starting position and duration for PUSCH, e.g., sPUCCH can be in symbols before PUSCH. However, for “slot-based scheduling”, variable sPUCCH location either complicates multiplexing between PUSCH/PDSCH and sPUCCH or degrades PDSCH/PUSCH transmission efficiency. Furthermore, putting sPUCCH in the middle of the slot may create gaps between UL and DL.
Therefore, the value range of starting symbol 0-11 only configured for “non-slot based operation” is preferred. 
Another FFS point is special values for starting symbol of long PUCCH for implicit derivation. One option for implicit indication is to derive the starting symbol from SFI indication, when configured, assuming the long PUCCH always starts at the beginning of the uplink region indicated by SFI. However, this is problematic if a UE does not successfully decode SFI (and non-applicable if SFI transmission is not deployed by a network). Furthermore, the restriction for the long PUCCH to always start from the beginning of the uplink region degrades UL scheduling flexibility, for example to TDM long PUCCH for HARQ-ACK and P-CSI for a UE. 
Therefore, explicit configuration for starting symbol of long PUCCH is preferred. The value range can be 0~10, considering the shortest duration of long PUCCH is 4 symbols.  

· Value range of number of symbols in a slot for long PUCCH 
FFS point is special values for number of symbols of long PUCCH for implicit derivation. If assuming long PUCCH starts from the beginning of the uplink region and occupies the whole uplink region, then, the number of symbols of long PUCCH can be derived by the uplink region duration indicated by SFI. As discussed above, it is not robust to rely on SFI decoding or assume existence of SFI. Furthermore, for the case of multiplexing long PUCCH and sPUCCH in the same slot by TDM, the duration of long PUCCH can be shorter than the duration of uplink region.  

Therefore, explicit configuration for number of symbols of long PUCCH is preferred.  The value can be 4~14. 
· Index for identifying starting PRB
The discussion point here is whether implicit resource indication mechanism as LTE PUCCH format 1/1a/1b is needed for NR PUCCH format 0/1. If implicit mechanism is supported, the starting PRB can be derived from at least CCE index of PDCCH, otherwise, the index for starting PRB should be explicitly configured. As discussed in section 2.3, implicit mechanism would be beneficial in some use cases, e.g., fallback or initial access. For normal cases, explicit indication is sufficient. 
Similar as LTE, the whole system bandwidth can be available for PUCCH transmission. Therefore, the value range of starting PRB can be 0 ~ 274.   

· Number of PRBs for PUCCH format 2 
FFS point is the maximum number of PRBs. The maximum value depends on the maximum UCI payload size, and sufficiently low coding rate should be guaranteed for various UCI payload sizes while keeping reasonable signalling overhead. According to the evaluation in [1], a maximum value of 8 is preferred. 
· Frequency resource of 2nd hop if frequency Hopping is enabled
FH/ non-FH is configured per PUCCH resource to enhance reliability and enable flexible resource management for PUCCH. FFS point is, when FH is enabled, whether to reuse LTE FH mechanism, mirroring on the edge of UL BWP, or the FH bandwidth can be configured by the gNB. In NR, UEs can have different and overlapping UL BWPs configuration due to different capabilities. If FH can only be performed on the edge of an UL BWP, UE multiplexing capacity is reduced. The residual PRBs (e.g. after FH) may not be possible to pair, which reduces resource efficiency. Therefore, flexible control of FH bandwidth by gNB configuration independent of UL BWP is desirable [2].
· Index of initial cyclic shift
For PUCCH format 0 and 1, UEs can be multiplexed in the same PRB by different code resource. The code resource refers to cyclic shift of a root sequence and OCC if applicable. For explicit PUCCH resource indication, the CS should be configured. If implicit PUCCH resource indication is supported, PRB, CS and OCC (if applicable) can be jointly derived from at least CCE index of PDCCH. 

For PUCCH format 3, fixed CS value may be sufficient, as format 3 does not support multiplexing. However, configuring the CS has no cost and can potentially enable UL MU-MIMO for PUCCH transmissions with 100s of UCI bits and large number of PRBs which essentially resembles ‘typical’ PUSCH transmissions. 
For PUCCH format 4, UE can be multiplexed in CDM manner. The CS value can be derived from pre-DFT OCC index, thus needs no separate configuration. 

· Index of time-domain OCC for PUCCH format 1
For PUCCH format 1, UEs can be multiplexed in the same PRB by different CS and OCC. For explicit PUCCH resource indication, the OCC should be configured. If implicit PUCCH resource indication is supported, PRB, CS and OCC can be jointly derived from at least CCE index of PDCCH. 

Proposal 1: Table 1 below should be used for parameters configuration in PUCCH resource sets.

Table 1: Parameters configured in PUCCH resource sets and their value ranges
	 
	PUCCH 
Format 0
	PUCCH 
Format 1
	PUCCH 
Format 2
	PUCCH 
Format 3
	PUCCH 
Format 4

	Starting symbol
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	-     12 and 13;

-     0 – 11 for non-slot based operation
	0 – 10


	-     12 and 13;

-     0 – 11 for non-slot based operation 
	0 – 10


	0 – 10



	Number of symbols in a slot
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	1, 2
	4 – 14


	1, 2
	4 – 14


	4 – 14



	Index for identifying starting PRB
	Configurability
	√
(no need to configure for implicit PUCCH resource indication, if supported)
	√
(no need to configure for implicit PUCCH resource indication, if supported)
	√
	√
	√

	
	Value range
	0 - 274
	0 - 274
	0 - 274
	0 - 274
	0 - 274

	Number of PRBs
	Configurability
	N.A.
	N.A.
	√
	√
	N.A.

	
	Value range
	N.A.

(Default is 1)
	N.A.

(Default is 1)
	1 – 8
	1 - 6, 8 - 10, 12, 15, 16
	N.A.

(Default is 1)

	Enabling a frequency hopping
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	On/Off

(only for 2 symbol)
	On/Off
	On/Off

(only for 2 symbol)
	On/Off
	On/Off

	FFS: Frequency resource of 2nd hop if frequency Hopping is enabled
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	0 - 274
	0 - 274
	0 - 274
	0 - 274
	0 - 274

	Index of initial cyclic shift
	Configurability
	√
(no need to configure for implicit PUCCH resource indication, if supported)
	√
(no need to configure for implicit PUCCH resource indication, if supported)
	N.A.
	May be configured
	May be configured

	
	Value range
	0 – 11
	0 – 11
	N.A.
	0 – 11
	0 – 11

	Index of time-domain OCC
	Configurability
	N.A.
	√
(no need to configure for implicit PUCCH resource indication, if supported)
	N.A.
	N.A.
	N.A.

	
	Value range
	N.A.
	0 - 6
	N.A.
	N.A.
	N.A.

	Length of Pre-DFT OCC
	Configurability
	N.A.
	N.A.
	N.A.
	N.A.
	√

	
	Value range
	N.A.
	N.A.
	N.A.
	N.A.
	2, 4

	Index of Pre-DFT OCC
	Configurability
	N.A.
	N.A.
	N.A.
	N.A.
	√

	
	Value range
	N.A.
	N.A.
	N.A.
	N.A.
	0, 1, 2, 3


2.2 How to select one PUCCH resource set from multiple configured sets
In RAN1#90bis, two alternatives for PUCCH resource set selection were considered. 

· 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 mutliple PUCCH resource set(s) for each format. 
In Alt. 1, K PUCCH resource sets are configured, where PUCCH resource set i for UCI [Ni ~ Ni+1-1] bits (i=0, …, K-1) and Ni is semi-statically configured. For example, there are 4 PUCCH resource sets, 1st set is for [1~2] bits, 2nd set is for [3~19] bits, 3rd set is for [20~99] bits, and 4th set is for ≥100 bits. In each PUCCH resource set, there are X PUCCH resources. One of the X PUCCH resources in the selected PUCCH resource set is indicated by the PUCCH resource indicator in DCI. For each PUCCH resource, one column in the table 1 is configured, including explicit indication of PUCCH format and all rows of the table. Within one resource set, gNB can configure either single PUCCH format, or both long and short PUCCH formats. With a given range of UCI payload, dynamic switching between different PUCCH formats is achieved by ARI indication. However, mixing PUCCH format with other PUCCH resource parameters is detrimental to resource indication flexibility for a particular PUCCH format and overall simplicity for gNB/UE operation. ARI overhead needs to either increase or PUCCH resource ‘collisions’ are unavoidable.
In Alt. 2,  similar to LTE CA, multiple PUCCH formats for different UCI payloads are semi-statically configured, and one set of PUCCH resources is configured for each PUCCH format accordingly. One PUCCH format is dynamically selected according to the actual UCI payload under certain conditions, and thus determines the PUCCH resource set. ARI selects one PUCCH resource within the determined set. Obviously, separate resource configuration per PUCCH format by Alt. 2 as in LTE is much simpler and more generic than Alt. 1. And higher flexibility is achieved with the same ARI payload compared with Alt. 1. One unclear point in Alt. 2 is how UE determines short or long PUCCH format within the same UCI payload range, e.g., PUCCH format 0 and format 1 for UCI payload ≤ 2 bits. Typically, not all UEs are configured with both short and long PUCCH format. For example, for power-limited UE, only long PUCCH format is configured. For non-power-limited UE, both short and long PUCCH format can be configured. Considering shorter latency and more flexible UL resource allocation provided by sPUCCH, it is reasonable to utilize sPUCCH as much as possible, expect for some sudden undesirable degradation. Since the scenario for fallback scheduling by fallback DCIs includes such sudden undesirable degradation, it makes sense to switch to long PUCCH format if fallback DCI is received. Hence, no extra bit is needed to short and long PUCCH format. Furthermore, there is no issue of dynamic switching between short and long PUCCH format for UCIs other than HARQ-ACK. The PUCCH resource for CSI or SR is semi-statically configured without dynamic indication.   
For both Alt.1 and Alt.2, the PUCCH resource set is based on UCI payload size. If there is miss-alignment between gNB and UE on UCI payload, the PUCCH resource set selection would be wrong. In LTE eCA, at least for semi-static HARQ-ACK codebook, there is no uncertainty of UCI payload, and the ambiguity probability is low for dynamic HARQ-ACK codebook considering the probability of losing PDCCHs on all scheduled CCs is low (and the scheduler can target a higher reliability for a ‘last’ DL DCI if DL DCI is transmitted only for one cell in a last subframe). In NR, for single cell operation and LTE-based DAI operation, UCI payload would be wrong even if only one PDCCH is lost. A more robust DAI mechanism is needed [3] for both semi-static and dynamic HARQ-ACK codebook. If the probability of UCI payload ambiguity cannot be desirably low, either explicit PUCCH resource set indication for Alt. 1 or explicit PUCCH format indication for Alt. 2 would be needed.  
Proposal 2: For explicit PUCCH resource indication:

· PUCCH format is implicitly determined by the UCI payload, if a robust DAI mechanism is used, otherwise, explicit indication of the PUCCH format is needed. 

2.3 Implicit PUCCH resource indication
At least for PUCCH format 1 (with time-domain OCC length up to 6), tens of UEs can be multiplexed in one PRB, similar to LTE PUCCH format 1/1a/1b. Then, ARI-like explicit indication would require several bits for full resource allocation flexibility within a PRB of a slot without accounting for other potential dynamic signaling overhead such as for indicating a PRB within a slot. Therefore, implicit indication (such as a link between a lowest CCE index of the PDCCH and the PUCCH resource) can be considered to avoid unnecessary DCI overhead. 

In NR, UEs with different HARQ-ACK timing can transmit HARQ-ACK in a same PUCCH slot while associated PDSCHs can be received in same or different slots/symbols or in different CORESETs. This may be viewed as complicating implicit PUCCH resource allocation. However, to a large extend, a same situation exists for EPDCCH/MPDCCH-based scheduling in LTE TDD and any ambiguity is resolved through an EPDCCH set specific Npucch1 offset and an ARO field for indicating one of four offsets relative to the lowest CCE index. To achieve the same PUCCH resource flexibility, required bits of ARO can be less than for ARI indication, because the PUCCH resource blocking is handled by different CCE index to some extent and the ARO provides additional flexibility, while explicit PUCCH resource indication only relies on ARI bits. Also, a network may operate with fixed HARQ-ACK timing, at least for FDD, and in that case implicit resource determination can be as in LTE while DCI overhead can be reduced.
More importantly, implicit PUCCH resource indication can provide a simple solution when a UE does not know a dedicated PUCCH resource, e.g., before RRC connection establishment or during a RRC reconfiguration of PUCCH resource. 

Before RRC connection establishment, e.g., PUCCH resource of HARQ-ACK for Msg 4 in random access procedure, requires a kind of ‘default information’. Since the PUCCH payload for Msg 4 is only 1 bit, implicit indication for the PUCCH resource can apply. Similar to LTE, one cell-specific PUCCH parameter (e.g., Npucch1) is broadcasted in RMSI. Then, PUCCH resource for Msg 4 is derived as Npcch1+ncce_index. Similar, during the RRC configuration/reconfiguration period, implicit + ARO-like indication with fallback DCI (like DCI 1A in LTE) can be supported. Alternatively, one simpler approach is explicit indication of PUCCH resource for msg.4 in the msg.4 itself, e.g., in the MAC CE, as the UE will decode PDSCH of msg.4 to check whether the contention resolution ID is matched or not then decide to send ACK or not. 

Proposal 3: When a UE is not configured a dedicated PUCCH resource, consider the following alternatives:
· implicit mechanism as in LTE, and Npcch1 is indicated by RMSI.
· explicit PUCCH resource indication by Msg 4. 

3. Conclusion
This contribution considered the design aspects for PUCCH resource allocation, and proposes the following.
Proposal 1: The table below should be used for parameters configuration in PUCCH resource sets.

Parameters configured in PUCCH resource sets and their value ranges
	 
	PUCCH 
Format 0
	PUCCH 
Format 1
	PUCCH 
Format 2
	PUCCH 
Format 3
	PUCCH 
Format 4

	Starting symbol
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	-     12 and 13;

-     0 – 11 for non-slot based operation
	0 – 10


	-     12 and 13;

-     0 – 11 for non-slot based operation 
	0 – 10


	0 – 10



	Number of symbols in a slot
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	1, 2
	4 – 14


	1, 2
	4 – 14


	4 – 14



	Index for identifying starting PRB
	Configurability
	√
(no need to configure for implicit PUCCH resource indication, if supported)
	√
(no need to configure for implicit PUCCH resource indication, if supported)
	√
	√
	√

	
	Value range
	0 - 274
	0 - 274
	0 - 274
	0 - 274
	0 - 274

	Number of PRBs
	Configurability
	N.A.
	N.A.
	√
	√
	N.A.

	
	Value range
	N.A.

(Default is 1)
	N.A.

(Default is 1)
	1 – 8
	1 - 6, 8 - 10, 12, 15, 16
	N.A.

(Default is 1)

	Enabling a frequency hopping
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	On/Off

(only for 2 symbol)
	On/Off
	On/Off

(only for 2 symbol)
	On/Off
	On/Off

	FFS: Frequency resource of 2nd hop if frequency Hopping is enabled
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	0 - 274
	0 - 274
	0 - 274
	0 - 274
	0 - 274

	Index of initial cyclic shift
	Configurability
	√
(no need to configure for implicit PUCCH resource indication, if supported)
	√
(no need to configure for implicit PUCCH resource indication, if supported)
	N.A.
	May be configured
	May be configured.

	
	Value range
	0 – 11
	0 – 11
	N.A.
	0 – 11
	0 – 11

	Index of time-domain OCC
	Configurability
	N.A.
	√
(no need to configure for implicit PUCCH resource indication, if supported)
	N.A.
	N.A.
	N.A.

	
	Value range
	N.A.
	0 - 6
	N.A.
	N.A.
	N.A.

	Length of Pre-DFT OCC
	Configurability
	N.A.
	N.A.
	N.A.
	N.A.
	√

	
	Value range
	N.A.
	N.A.
	N.A.
	N.A.
	2, 4

	Index of Pre-DFT OCC
	Configurability
	N.A.
	N.A.
	N.A.
	N.A.
	√

	
	Value range
	N.A.
	N.A.
	N.A.
	N.A.
	0, 1, 2, 3


Proposal 2: For explicit PUCCH resource indication:

· PUCCH format is implicitly determined by the UCI payload, if a robust DAI mechanism is used, otherwise, explicit indication of the PUCCH format is needed. 

Proposal 3: When a UE is not configured a dedicated PUCCH resource, consider the following alternatives:

· implicit mechanism as in LTE, and Npcch1 is indicated by RMSI

· explicit PUCCH resource indication by Msg 4 

Reference
[1] R1-1720327, “Remaining Issues for Short PUCCH with UCI of more than 2 Bits”, Samsung.
[2] R1-1720329, “Remaining Issues for Long PUCCH for UCI of 1 or 2 Bits”, Samsung.
[3] R1-1720340, “HARQ Management and Feedback”, Samsung.
PAGE  
7

