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1. Introduction

This contribution provides a text proposal on resource allocation for PUCCH for NR in TS 38.213. Some remaining issues e.g. implicit mapping will also be discussed.
2. Resource allocation for HARQ-ACK before RRC connection setup
According to the agreement in last meeting, a 16-row table would be specified in which one row is indicated by RMSI. Most of companies think that one row is used to configure a cell-specific set of PUCCH resources. Then within the PUCCH resource set, ARI in DCI is used to indicate the actual PUCCH resource [1][3][4][8][9][17][18]. DOCOMO’s proposal [16] is slightly different: Consecutive M resources from the initial index indicated by RMSI are assumed to be PUCCH resource set.
Since there are only 16 entries in the table, only a very limited number of values can be specified for each parameter, or one parameter is implicitly derived from other parameters. 

· Duration: Most of companies propose to have 3 or 4 configurable values in the table for the number of symbols. It seems 2-symbol and 14-symbol are two durations with most supports. Other values can be further discussed. Vivo [3] and NEC [13] think dynamic switching between different durations should be supported, and different durations should be configured in one row for some rows of the table.
· Huawei[1]: {1, 2, 10, 14} 
· Vivo [3]: {1, 2, 12, 14}, and multi-slot PUCCH, dynamic duration switching
· CATT [4]: {2, 10, 14}
· Panasonic [7]: {2, 14} or derived from SFI.

· Nokia [9]: {1, 2, 8/10, 12/14}
· NEC [13]: {1, 2, 10, 14}, DCI/RAR indicated dynamic duration switching
· DOCOMO [16]: {2, 4, 14}
· Ericsson [18]: {2, 4, 8, 14}
· LGE [8]: {1, 2, 10, 14}, DCI indicated dynamic duration switching
· Starting symbol: Quite a few companies propose to determine the starting symbol from the number of symbols [1][3][7][13][16][18], e.g. a N-symbol PUCCH is located in the last N symbols of a slot. However, Nokia [9] suggests for Format 1, a (N-2)-symbol PUCCH can also start from the last N symbol.
· PRB allocation: 
· Huawei [1], Ericsson [18] and Panasonic [7] propose to allocate the PRBs at the edge of the initial UL BWP. 

· Nokia [9], Qualcomm [17] and NEC [13] suggest to use the RMSI indication for RB or RB region selection. 

· Panasonic [7] and Qualcomm [17] also consider the implicit mapping approaches, e.g. from CCE index, UE ID or Msg.1/Msg.3.
· LGE [8] propose to use the DCI indication for PRB allocation.
· Frequency hopping: 
· Ericsson [18], DOCOMO [16], NEC [13] and Panasonic [7] suggest to always enable the frequency hopping.
· Cyclic shift

· LGE [8] proposed to cyclic shift gap value can be differently configured between different resource sets.
In the cell-specific set of PUCCH resources, a resource or a resource sub-set is indicated by 2-bit ARI in the DCI for Msg.4 [3][4][8][9][17][18]. CATT [4], LGE [8], Nokia [9] and Qualcomm [17] propose to use the implicit mapping jointly with ARI indication. It is noticed that the CCE-index-based mapping is simpler during initial access than for RRC-connected mode because multi-PDCCH-to-PUCCH does not need to be considered.
Draft proposals:
	Proposal 1: For resource allocation for HARQ-ACK before RRC connection setup, 

· RMSI indicates an index into a specified 16-row table which configures a cell-specific set of PUCCH resources
· PUCCH duration: configurable values include at least 2 and 14. FFS others.
· Starting symbol is derived from duration

· Frequency hopping is always enabled and the PRB(s) of the two hops are at the edge of the initial BWP.

· For each duration, different set of cyclic shifts are specified for different rows.
· FFS: detailed values.
· For each row in the table, FFS how to use the 2-bit ARI in the DCI for Msg.4 for HARQ-ACK resource determination.


	Offline agreement:
· 4-bit RMSI indicates an entry into a 16-row table and each row in the table configures a set of cell-specific parameters
· PUCCH duration of at least {2, 14}
· Frequency hopping is always enabled for long PUCCH and the PRB(s) of the two hops are x PRBs away from each edge of the initial UL BWP.
· FFS on x

· FFS on whether to support frequency hopping for short PUCCH


	Offline agreement:

· For PUCCH duration = 2, the starting symbol is symbol 12 within the slot
· HARQ-ACK is only one bit for Msg.4 before RRC connection with no bundling

Offline discussion notes:
· For the initial cyclic shift value, to down select one of the following options for the PUCCH resource sets before RRC connection for long PUCCH (PF1)

· Option 1: {0, 3, 6, 9}

· E///, Nokia, NSB, DCM, OPPO, Intel, Panasonic
· Option 2: {0, 3, 6, 9}, {0, 2, 4, 6, 8, 10}

· LGE, CATT, NEC

· Option 3: {0, 6}

· vivo

· For the initial cyclic shift value, to down select one of the following options for the PUCCH resource sets before RRC connection for short PUCCH (PF0)

· Option 1: {0, 4, 8}

· Nokia, NSB, E///, Intel, DCM, Panasonic, OPPO

· Option 2: {0, 3}, {0, 4, 8}
· LGE

· Option 3: two values = {0, 3}
· Vivo, DCM

· X-bit of implicit indication, X is to be down selected from 1 or 2

· All other parameters

· OCC

· x PRBs away from the edge

· PRB size is always one
· Multi-slot PUCCH

· For other potential PUCCH durations: 1, 4, 8, 10, 12


3. Implicit mapping for PUCCH resource allocation
3.1. Discussion status in RAN1#91
A detailed implicit mapping scheme was proposed in RAN1#91 that when >4 resources are configured in a resource set, ARI is used to indicate a sub-set in a resource set. The resource index r within the resource sub-set is implicitly derived based on the starting CCE index of a DCI according to the following equation: 
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where 

· M is the number of PUCCH resources in the resource sub-set indicated by ARI bits
· C is the starting CCE index of the PDCCH containing the ARI bits
· In case of multiple PDCCH for a UE, C is the smallest one among the multiple starting CCE indices. 
· In case HARQ-ACK multiplexing or multiple PDCCH for a UE, C is starting CCE index of the last received PDCCH for the UE.
· L is the aggregation level of the PDCCH containing the ARI bits
The scenario for indicating the sub-set via ARI is depicted in Fig.1. The scenario for implicit mapping based on CCE index within the sub-set is depicted in Fig.2.
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Fig.1: Indicating the sub-set via ARI
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Fig.2: Implicit mapping based on CCE index within the sub-set
However, some concerns were raised that when the last PDCCH is mis-detected, the UE would derive the PUCCH resource from the last second PDCCH by mistake. If the gNB anticipate the possibility of PDCCH mis-detection on UE side, the gNB can performing decoding on multiple hypothesized PUCCH resources to guarantee the successful PUCCH reception. 

Another consequence the PDCCH mis-detection may lead to is the potential unexpected collision. When the UE would derive the PUCCH resource from the last second PDCCH by mistake and the resource implied by the last second PDCCH has been re-allocated to other UEs, an unexpected collision would happen. 
3.2. Discussions in Tdocs for RAN1#91
For this meeting, quite a lot companies express their views on this issue. And several different options are proposed.
Option 1: CCE-index-based mapping

Most of companies still consider this issue based on CCE-index mapping. Some companies think the error probability would be small, the robustness of this scheme is still acceptable. And a pure explicit scheme may face to a similar problem [17] [12]. Under the umbrella of CCE-index mapping, Qualcomm [17], Huawei [1] [19], ZTE [2] and Intel [6] propose their improved approaches respectively.
Option 1a: Implicit mapping from the CCE index of the last received PDCCH

Qualcomm [17] proposes to follow the approach discussed in last meeting that the implicit mapping is based on the starting CCE index of the last received PDCCH, but with some improvements:
	· Use ARI bits to indicate short or long duration in the resource set 
· The resources sub-set indicated by ARI bits should contain resources in either short or long duration but not both.
· The resource index r within the resource sub-set is implicitly derived based on starting CCE index according to the following equation: 
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· M is the number of PUCCH resources in the resource sub-set indicated by ARI bits

· C is the starting CCE index of the lastly received DCI within the ACK bundling window. 

· In case of CA, C is the starting CCE index of the DCI received on the smallest CC in the last slot within the ACK bundling window

· L is the aggregation level of the PDCCH associated with C




From the contributions, vivo [3], CATT [4] for dynamic codebook, Panasonic [7], LGE [8], ETRI [10] and OPPO [12] seem to also support this option. 
Option 1b: Implicit mapping from the CCE index of the first or the last received PDCCH
Huawei [1] [19] proposes an approach to improve the reliability of implicit PUCCH resource selection based on the first or the last received PDCCH:
	· If the starting CCE index of the PDCCH is used to convey the ARI to indicate the PUCCH resource implicitly,
· in case HARQ-ACK multiplexing or multiple PDCCH for a UE,
· if the UE receives the first scheduled PDCCH, the starting CCE index of the first scheduled PDCCH is used to implicit indicate the PUCCH resource in the sub-set. 

· if the UE doesn’t receive the first scheduled PDCCH, the starting CCE index of the last received PDCCH is used to implicit indicate the PUCCH resource in the sub-set.




It seems the approach would require gNB to reserve the PUCCH resource mapped from the first PDCCH for the UE even when the PUCCH resource has been mapped to a subsequent PDCCH. This may reduce the utilize efficiency of the PUCCH resource. And if over 2 scheduling DCIs are transmitted to a UE, the UE may still mis-understand the 2nd last DCI as the last one.
Option 1c: Implicit mapping from the CCE index with a pseudo-random offset
ZTE [2] and Intel [6] propose another improved CCE-index-based approach by adding a pseudo-random offset to the starting CCE index. To further randomize the collision, the offset configured in a UE specific manner. An example is to use the configurable ID for DM-RS sequence initialization for each CORESET configured by UE-specific RRC signalling.
Text proposal from ZTE [2] is as below:
	If the PUCCH-resource-set-size is larger than four and the PUCCH resource indicator field indicates two PUCCH resources, the UE determines a PUCCH resource from the two PUCCH resources through the following mapping function. 
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However, Nokia [9] observed that this scheme is just a randomization in the PUCCH resource selection that makes it unlikely that two users with PUCCH resources colliding one slot, would collide in the following slots.
Option 2: UE-ID-based mapping

Spreadtrum [5] considered a UE-ID-based mapping approach with the slot index of PUCCH.
	· PUCCH resource index r within the resource sub-set is implicitly derived based on X-RNTI of PDSCH or starting slot index of PUCCH according to the following equation:
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Where,
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 is PN sequence, and initial with 
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 is the slot index of the PUCCH resource or the first slot index of the PUCCH resource.


Option 3: TPC-value-based mapping

Samsung [11] thinks with the CCE-index-based scheme, gNB has to perform an increased PUCCH blind detection attempts to solve the resource mis-understanding due to the PDCCH mis-detection. And in order to avoid the unexpected collision, gNB need to ensure that a same CCE mapping for a current PDCCH and for a given cell is used for subsequent PDCCH transmissions and for all other cells, which is not deemed practically meaningful.
[11] proposes to use TPC command as the reference parameter for the implicit mapping. The inherent redundancy in transmitting the same TPC command can provide the robustness required for implicit PUCCH resource determination.
	· Implicit PUCCH resource determination when the ARI indicates a set of 2 PUCCH resources is by mapping the {-1, 0} dB TPC values to the first PUCCH resource and the {1, 3} dB TPC command to the second PUCCH resource.  



Option 4: CORESET/search space-ID-based mapping

Lenovo/Motorola [9] proposes to configure two PUCCH resources within a subset for short and long PUCCH formats respectively. Then, a search space ID can be associated with one of the PUCCH resource within a subset and accordingly, a PUCCH format.
	· If larger than 4 PUCCH resources are configured in a PUCCH resource set, association between a search space ID (potentially a CORSET ID) and a PUCCH resource within the ARI indicated subset is supported.



Vivo [3] also mentions a similar approach, i.e. per CORESET PUCCH resource configuration.
Option 5: Avoid implicit mapping by increasing ARI to 3 bits
Nokia [14] think neither Option 1a nor Option 1c can solve the confusion of PUCCH resource due to DCI mis-detection. With Option 1a, forcing all DCI transmissions associated with the same PUCCH to use the same CCE start index group (even or odd), increases the scheduling complexity and PDCCH blockage. With Option 1c, it is just a randomization in the PUCCH resource selection that makes it unlikely that two users with PUCCH resources colliding one slot, would collide in the following slots.
	· Increase the ARI field in the DCI to 3-bits, with no need for a mapping function to select the PUCCH resource within the PUCCH resource set.



Huawei [1] and Spreadtrum [5] seem also to support this option. But this option seems to revert the agreement about implicit mapping last meeting.
4. Other remaining issues 

According to the contributions, some issues in the current version of specifications need to be clarified:

4.1. Number of PRBs for PUCCH format 2 and PUCCH format 3
Huawei [1] thinks it has been agreed that the UE should select the minimum number of PRBs such that the code rate does not exceed the configured maximum code rate. However, the specification is not implementing this procedure accurately.

	It is an error case if the maximum number of PRBs and/or the maximum code rate is configured such that the code rate for HARQ-ACK bit transmission would exceed the maximum configured code rate. Conclude the issue by either of the following two options:

· Option 1-1: No specification impact. Make a note in the RAN1 official meeting report: “The UE is not expected to drop HARQ-ACK bits”.

· Option 1-2: Specification impact. Add the sentence to TS38.213:  “The UE is not expected to drop HARQ-ACK bits”.



4.2. UE procedure for multiplexing HARQ-ACK/SR and CSI
ZTE [2] thinks there could be possible that the minimum number of PRBs for different PUCCH format is the same. Using the same methodology as the minimum PRBs, PUCCH format 2 with shortest duration shall have a higher priority, followed by PUCCH format 4 with multiplexing capacity, and PUCCH format 3 has lowest priority.
	· When the UE does not determine a PUCCH format 2 or 3 or 4 to transmit HARQ-ACK/SR, and at least two PUCCH formats result in a same minimum number of PRBs, UE shall select a PUCCH format according to priority order: PUCCH format 2 > PUCCH format 4 > PUCCH format 3.



4.3. PUCCH resource determination when BWP is switched
ETRI [10] addresses the issue on PUCCH resource determination when active UL BWP is switched.
	· In the paired spectrum, HARQ-ACK can be transmitted via PUSCH if UL BWP is changed after corresponding DL-DCI is received.
· In the unpaired spectrum, a UE transmits PUCCH using the indicated UL BWP in the lastly detected DL-DCI. 




4.4. Inter-slot frequency hopping
DOCOMO [16] and AT&T [15] address the determination of frequency resources for 3rd hop and later hop for inter-slot frequency hopping.
AT&T proposal [15]:

	· For NR multi slot PUCCH transmission, the network should be able to configure same/different frequency hopping patterns for each slot to improve frequency diversity


DOCOMO proposal [16]:

	· For inter-slot frequency hopping with K=4,
· the frequency resources for 3rd hop is the same as that for 1st hop
· the frequency resources for 4th hop is the same as that for 2nd hop.
· For inter-slot frequency hopping with K=8,
· the frequency resources for 3rd, 5th, and 7th hops are the same as that for 1st hop
· the frequency resources for 4th, 6th, and 8th hops are the same as that for 2nd hop.



4.5. Cyclic shift hopping for DMRS of PUCCH format 3/4
DOCOMO points out [16]: As agreed in RAN1#91, the index of initial cyclic shift for DMRS for PUCCH format 4 can be 0, 3, 6, 9 which is determined by index of pre-DFT OCC; the cyclic shift hopping (w/ no RRC impact) was FFS.
	· Initial cyclic shift for pre-DFT OCC index is given as following:
· For pre-DFT OCC length = 2, 
· initial cyclic shift = {0, 6} for pre-DFT OCC index = {0, 1}
· For pre-DFT OCC length = 4,
· initial cyclic shift = {0, 6, 3, 9} for pre-DFT OCC index = {0, 1, 2, 3}.



4.6. Fallback operation for PUCCH transmission
DOCOMO [16] thinks for semi-static HARQ-ACK codebook, RAN1 has not discussed yet whether/how to support such “fallback” PUCCH transmission.
	· For semi-static HARQ-ACK codebook, fallback PUCCH transmission is supported.

· When the UE has HARQ-ACK feedback only for one PDSCH, the UE transmits the HARQ-ACK using a fallback PUCCH transmission.

· The fallback PUCCH transmission uses PUCCH format 0 or 1.

· If the UE is configured with semi-static HARQ-ACK codebook with HARQ-ACK of more than 2 bits, in addition to the PUCCH resource set for the given HARQ-ACK codebook payload, the UE has another PUCCH resource set for HARQ-ACK of up to 2 bits.

· The “another PUCCH resource set for HARQ-ACK of up to 2 bits” can be configured by UE-specific RRC signaling. When the UE has HARQ-ACK feedback only for one PDSCH on only one serving cell, the UE transmits the HARQ-ACK using the PUCCH resource selected from the “another PUCCH resource set for HARQ-ACK of up to 2 bits”. 




4.7. Value range of the payload size of the PUCCH resource set 
	VIVO [3] thinks that with only one configured PUCCH RESET, it should be clarified that the upper bound of the UCI payload size for that RESET shall not be restricted to less than 3-bits.
Draft proposal: the upper bound of the UCI payload is UE-specific configured if there is only one PUCCH RESET configured.


4.8. Per CORESET or per BWP PUCCH resource configuration
	VIVO [3] thinks that it should be clarified whether the current PUCCH resource configuration is per BWP or per CORESET. Similar to LTE E-PDCCH, the PUCCH resource should be per CORESET.
Draft Proposal: Per CORESET PUCCH resource configuration is adopted in NR.


4.9. PUCCH resource allocation for mini-slot scheduling
	VIVO [3] thinks that considering mini-slot scheduling, the PUCCH transmission can occur in many posssible strat symbols if such pipeline scheduling and feedback is performed. Therefore, the current mechanism which is RRC with ARI indication might not be enough.
Draft Proposal: consider the following alternatives in the NR specification 

· Alt 1: introduce or re-interprate some field in the RRC PUCCH resource configuration to indicate the relative symbol indices difference in the unit of symbol between the PDSCH reception/DL SPS release and the PUCCH transmission which provides corresponding HARQ-ACK information

· Alt 2a: K1 is re-interprates as the number of symbols.

· Alt 2b: K1 is re-interprates as the number of symbols or the number of slots.


4.10. UCI on PUCCH format 3/4
	LGE [8] thinks that considering potential variation on the number of CSI part 2 bits, PUCCH resource (set) selection and determination of PRB number for UCI transmission on PUCCH format 3/4 should be based on a reference (fixed) number of CSI part 2 bits rather than actual number of CSI part 2 bits.
Draft Proposal: PUCCH resource (set) selection and determination of PRB number for UCI transmission on PUCCH format 3/4 is done based on a reference (fixed) number of CSI part 2 bits rather than actual number of CSI part 2 bits.
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