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1 Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]In the email discussion [90b-NR-30], the Table 1 and Table 2 are agreed. The RAN1 progressed a lot with having some FFS. In the email discussion [90b-NR-01-RRC], the RRC parameters are collected and being revised. In this contribution, we express our view about rows having FFS.
2 Discussion
2.1 Starting symbol
	
	Format 0
	Format 1
	Format 2
	Format 3
	Format 4

	Starting symbol
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	-12 and 13;
-0 – 11 (FFS whether or not such a configuration is conditioned on non-slot based operation)
	0 – 10
(FFS: special values for implicit derivation)
	-12 and 13;
-0 – 11 (FFS whether or not such a configuration is conditioned on non-slot based operation)
	0 – 10
(FFS: special values for implicit derivation)
	0 – 10
(FFS: special values for implicit derivation)



The DL-DCI about the slot-based PDSCH will include the HARQ-ACK timing. The HARQ-ACK timing is configured and indicated by UE-specific signalling. Then, some UEs operating URLLC may be configured to transmit PUCCH format 0 and format 2 in any available UL symbols to transmit SR or HARQ-ACK etc. This means that, for some UL symbol in the middle of the slot should be reserved for possible PUCCH transmission.
Thus, it is beneficial to assign HARQ-ACK timing such that even UE operating slot-based PDSCH could also transmit in those reserved PUCCH resource. This multiplexing facilitates to balance PUCCH load between the middle of the slot and the end of the slot. By doing this, we can expect to reduce the HARQ-ACK latency for the slot-based PDSCH as well. In other words, the starting symbol does not need to condition on PDSCH duration. 
[bookmark: _Ref498540604]Proposal 1: For PUCCH format 0 and 2, the starting symbol has range 0-13.
2.2 Frequency resource of 2nd hop if frequency Hopping is enabled
	
	Format 0
	Format 1
	Format 2
	Format 3
	Format 4

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

	
	Value range
	FFS
	FFS
	FFS
	FFS
	FFS



It is noted that each UE is configured to own UL bandwidth according to its capability. According to the email discussion [90b-NR-01-RRC], the UL BWPs can be configured by using UE-specific RRC parameters, i.e., UL-BWP-BW, UL-BWP-cp, UL-BWP-loc, UL-BWP-mu. The value can span various combinations of active UL BWP, and the gNB has the responsible for multiplexing PUCCH resources from each UL BWP with minimal overhead. The active UL BWP can be given by the scheduling DCI. It is not determined yet whether UL BWP can be given by DL-DCI or not. If DL-DCI indicates both DL BWP and UL BWP, then the PUCCH can be hopped within the indicated UL BWP. However, if DL-DCI does not indicate the UL BWP, then the PUCCH of both 1st hop and 2nd hop which is based on the last active UL BWP may not be efficient to multiplex PUCCH from other UEs. This is because the gNB can change the active UL BWP of some UE dynamically and UE-specifically with respect to different UL capabilities and different UL traffic loads. Moreover, the granularity of UL BWP is one PRB and it makes UL BWP configuration more flexible. In this case, it is beneficial to indicate the frequency of both 1st hop and 2nd hop provided that DL-DCI does not inform any UL BWP. Even supposing that DL-DCI informs an active UL BWP as well, only upto 2 bits can be used in the DL-DCI, which may be very few to choose various DL BWP and UL BWP combinations. In either way, it is beneficial to indicate the frequency resource of 2nd hop in the DL-DCI.
[bookmark: _Ref498540609]Proposal 2: The frequency resource of 2nd hop should be indicated in the DL-DCI.
If the frequency resource of 2nd hop is indicated in the DL-DCI, then the value range could be the same as the value range for the starting PRB for PUCCH. The candidate values are configured by RRC, and DL-DCI chooses one of value for both 1st hop and 2nd hop.
2.3 Indication of time and frequency resource
In the PUCCH transmission carrying UCI bits of 3 bits or more, the UE should know the encoding rate and its RE mapping. This corresponds to the amount of occupied REs, which is determined by the number of symbols and the number of PRBs. In turn, the number of symbols for PUCCH is affected by whether the short PUCCH or SRS of other UEs are present or absent (in both FDD and TDD) and which slot type is considered (in TDD). Since the duration for PUCCH can be changed at every slot, the number of PRBs should be changed correspondingly. This motivates the DL-DCI indicates jointly duration and the bandwidth for PUCCH. This joint index can also be included in the DL-DCI when the PUCCH repetition is performed. The more detailed explanation is provided in our companion contribution (R1-1720225).
[bookmark: _Ref498631837][bookmark: _Ref498674147]Proposal 3: The joint indication of duration and bandwidth for PUCCH for each slot is supported.
[bookmark: _Ref498631841]Proposal 4: The DL-DCI includes the joint index for duration and bandwidth for the PUCCH for each slot when PUCCH repetition is performed.
2.4 Other issues
Regarding SRS, we have to consider multiplexing PUCCH and SRS. Since SRS is mapped using transmission comb, the RE-level FDMing PUCCH and SRS may not be feasible because the former agreements does not intend the combed mapping for PUCCH of all formats. This means that PUCCH and SRS can be TDM and RB-level FDM. However, RB-level FDM will restrict the SRS hopping pattern and it may be complicated to optimize UL resource. More importantly the wideband SRS is prohibited. In practice, the TDM is the simpler and robust solution. 
Nevertheless, we should still consider a way of reducing symbols multiplexing PUCCH and SRS. The agreements say the SRS resource is configured at least within last 6 symbols in the slot, but it is configured UE-specifically and it affects the whole UL transmission by the varied duration of both PUSCH and long PUCCH. If we allow comb-based PUCCH RE mapping, then the SRS and PUCCH can multiple in the same symbol. This is beneficial because the gNB can allocate more diverse type of slot with respect to the traffic intensity and UE can transmit a physical channel for a longer duration within the slot. 
[bookmark: _Ref498677310]Proposal 5: To increase UL resource utilization and to get more flexibility, the comb-based RE mapping for PUCCH can be further considered.
3 Conclusion
[bookmark: _GoBack]In this contribution, we propose the followings.
Proposal 1: For PUCCH format 0 and 2, the starting symbol has range 0-13.
Proposal 2: The frequency resource of 2nd hop should be indicated in the DL-DCI.
Proposal 3: The joint indication of duration and bandwidth for PUCCH for each slot is supported
Proposal 4: The DL-DCI includes the joint index for duration and bandwidth for the PUCCH for each slot when PUCCH repetition is performed.
Proposal 5: To increase UL resource utilization and to get more flexibility, the comb-based RE mapping for PUCCH can be further considered.
4 Reference 
[90b-NR-30]	Summary of email approval on RRC parameter table for PUCCH resource allocation	
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][90b-NR-01-RRC]	NR RRC parameters 
R1-1720225	Support of long-PUCCH over multiple slots	ETRI
5 [bookmark: OLE_LINK1]Appendix
The agreed texts during the email discussion is captured for easy reference.

Agreements;
Table 1 contains the parameters configured in PUCCH resource sets. That means: For each parameter in the in the following table, a set of values can be configured respectively for a set of PUCCH resources. And a value among them can be determined when DCI indicates the index of the corresponding PUCCH resource. Alternatively, the values for some parameters can also be implicitly derived, if implicit resource indication mechanism is used. An entry in the PUCCH resource set corresponds to one column in the table 1. This resource is defined by some parameters which are the rows of the table
· Note 1: RAN1 needs to further study if the resources of some formats in Table 1 are jointly configured in a resource set.
· Note 2: In Table 1, a parameter with “FFS: special values for implicit derivation” or “FFS if implicit derivation is also used” implies that Ran 1 needs further discussion to determine if implicit and/or explicit methods are used to determine the particular parameter in the entry of PUCCH resource. If an implicit mechanism is used, the corresponding value range may shrink and/or a special value outside the value range may be added for indicating “implicit derivation”, or the configurability may be completely disabled.
· Note 3: RAN1 needs to further study if same or different sets of PUCCH resources in Table 1 are configured for PDSCH mapping type A (slot-based transmission) and type B (non-slot-based transmission).
Table 2 contains the semi-statically configured parameters. That means: A value would be configured for each parameter in the following table.

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

	FFS: Starting slot
	Configurability
	FFS
	FFS
	FFS
	FFS
	FFS

	
	Value range
	0 - [x]
	0 - [x]
	0 - [x]
	0 - [x]
	0 - [x]

	Starting symbol
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	-12 and 13;
-0 – 11 (FFS whether or not such a configuration is conditioned on non-slot based operation)
	0 – 10
(FFS: special values for implicit derivation)
	-12 and 13;
-0 – 11 (FFS whether or not such a configuration is conditioned on non-slot based operation)
	0 – 10
(FFS: special values for implicit derivation)
	0 – 10
(FFS: special values for implicit derivation)

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

	
	Value range
	1, 2
	4 – 14
(FFS: special values for implicit derivation)
	1, 2
	4 – 14
(FFS: special values for implicit derivation)
	4 – 14
(FFS: special values for implicit derivation)

	Index for identifying starting PRB
	Configurability
	√
(FFS if implicit derivation is also used)
	√
(FFS if implicit derivation is also used)
	√
	√
	√

	
	Value range
	0 - [274]
(FFS: special values for implicit derivation)
	0 - [274]
(FFS: special values for implicit derivation)
	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 – [16]
	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
	FFS
	FFS
	FFS
	FFS
	FFS

	
	Value range
	FFS
	FFS
	FFS
	FFS
	FFS

	Index of initial cyclic shift
	Configurability
	√
(FFS if implicit derivation is also used)
	√
(FFS if implicit derivation is also used)
	N.A.
	FFS
(for DMRS)
	FFS
(for DMRS)

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

	Index of time-domain OCC
	Configurability
	N.A.
	√
(FFS if implicit derivation is also used)
	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



Table 2: Semi-statically-configured parameters and their value ranges
	 
	Format 0
	Format 1
	Format 2
	Format 3
	Format 4

	Number of slots
	Configurability
	N.A.
	Configured
	N.A.
	Configured
	Configured

	
	Value range
	N.A.
	1, y1, y2, y3
	N.A.
	1, y1, y2, y3
	1, y1, y2, y3
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