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1. Introduction
In this contribution, we express one concern on PUSCH time-domain resource allocation.
2. Lack of PUSCH time-domain resource allocation field
Our interested TDD configurations (UL/DL assignments) for FR1 and FR2 as shown in Fig. 1 [1].
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(a) TDD configuration for FR1 (SCS 30 kHz)
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(b) TDD configuration for FR2 (SCS 120 kHz)
Fig. 1	TDD configurations (UL/DL assignments).

For FR2, the use of analog beam forming is promising. Assuming that beam correspondence is maintained, gNB prefers to use the same/similar beam for DL transmission and UL reception. More specifically, same/similar beam is applied to following cases:
· DL Tx beam
· PDCCH scheduling PDSCH and/or PUSCH
· Scheduled PDSCH
· UL Rx beam
· Scheduled PUSCH
· PUCCH for HARQ-ACK of the scheduled PDSCH
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Fig. 2	Example of analog-BF operation.

Figure 3 illustrates examples of time-domain resource allocation patterns for PDSCH/PUSCH on FR2. Both slot-level scheduling and non-slot-level scheduling are considered since FR2 carrier has wider bandwidth and TDM is the typical way of multiplexing and hence the data duration should be able to be much shorter than a slot. For the case where 4-symbol mini-slot is used to schedule PDSCHs, the number of DL Tx beams for PDCCH/PDSCH in a TDD cycle could be 10. In order to enable roughly 10 UL Rx beams for PUCCH/PUSCH in a TDD cycle, 2-symbol mini-slot for PUCCH/PUSCH is necessary. For the case where 1-slot is used to schedule PDSCHs, the number of DL Tx beams for PDCCH/PDSCH in a TDD cycle could be 4. In order to enable roughly 4 UL Rx beams for PUCCH/PUSCH in a TDD cycle, 2/4/5-symbol mini-slot for PUCCH/PUSCH is necessary. When the number of DL beams for PDSCH is less than 4, 1-slot PUSCH can be used on slot #4.
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Fig. 3	Examples of time-domain RA patterns for PDSCH/PUSCH per TDD cycle.

In order to realize the above particular example case, PDSCH time-domain RA and PUCCH resource allocation should be as following:
[image: ]
Fig. 4	PDSCH/PUCCH resource allocation.

From the above, it is understood that the number of indexes for PDSCH time-domain RA is 5, which is able to be accommodated by up to 4 bits time-domain RA field in the scheduling DCI. For PUCCH, since the PUCCH is indicated by using two fields jointly (3 bits HARQ-ACK timing indication field and 3 bits PUCCH resource indication field), the flexibility is also quite sufficient.
On the other hand, PUSCH time-domain RA field has less flexibility. It can have up to 4 bits, but the field jointly indicates K2 and SLIV in the given slot. For example, in order to enable UL grant transmission by various PDCCH monitoring occasions, following table could be considered. As seen below, the number of indexes should be able to be much higher than 16, which is the current limit of specifications. 
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One way to reduce the size of this PUSCH time-domain RA table is to limit the PUSCH scheduling opportunities. For example, if K2 = 3 and 7 are not configured, then 24 entries in the table can be removed. However, in this case, some PDCCH occasions cannot be utilized to deliver UL grant. For a UE scheduled with DL assignment on the PDCCH occasions, UL grant needs to be delivered on different PDCCH occasions. This means that the gNB may need to sweep DL Tx beam to the particular direction twice just because of the UL grant. For example, on a slot #n, if a DL assignment is monitored but UL grant is not monitored, for this UE, if a DL assignment is delivered on slot #n, UL grant needs to be delivered on another slot. As a nature of analog-beam forming, at one timing, more than one beam cannot be utilized. Therefore, reducing possible K2 values is not a preferred solution.
Another way to reduce the size of the PUSCH time-domain RA table is to limit the possible SLIV values of PUSCH. For example, if the length = 2-symbol is not used, then 27 entries in the table can be removed. However, as explained earlier, beam is determined for both PDCCH/PDSCH reception and PUCCH/PUSCH transmission. Removing 2-symbol PUSCH results in not using 4-symbol PDSCH. Then, possible number of DL/UL beams per TDD cycle is reduced.
Another way to reduce the size of the PUSCH time-domain RA table is to link PDCCH occasion and possible SLIV values. For example, S=0, 2, 4, 6 are configured only with K2=3, S=6, 8, 10 are configured only with K2=4, and S=12 is configured only with K2=6, etc. However, this is also restrictive. 

We also faced further problems about this:
· It is preferable not to fix the DL/UL beam pattern. gNB should enable determining DL/UL beam patterns based on the traffic demand across beams. In order to realize flexible DL/UL beam patterns in time, larger number of time-domain RA candidates is necessary.
· It is preferable to enable dynamic TDD and hence, not preferable to fix the time distance between DL and UL for a specific beam. gNB should be able to determine DL/UL assignment with the beam patterns based on the traffic demand for DL and UL. In order to realize flexible DL/UL assignment with beams, larger number of time-domain RA candidates is necessary. 
· It is preferable not to fix the SLIV as above. Depending on traffic demands across beams and required throughput across UEs, PUSCH duration should be flexible. Shorter duration results in higher DMRS overhead with larger number of beams within the UL burst, while longer duration results in lower DMRS overhead. In order to realize flexible PUSCH duration, larger number of time-domain RA candidates is necessary.
· There are SS burst with a certain periodicity. During SS burst, UL resources may not be available and hence, available DL-UL pattern during SS burst and other period are different. If the time period corresponding to a SS burst is interpreted as another DL/UL pattern, another set of time-domain RA configurations are necessary for such case. In order not to waste the resources during SS burst, larger number of time-domain RA candidates is necessary.

Based on the above discussion, we need to change the current way of time-domain resource allocation for PUSCH; need higher flexibility for it. Considering that time-domain RA for PUCCH for HARQ-ACK has equivalently two fields 3 bits + 3 bits, PUSCH time-domain RA field with up to 6 bits is demanded. Therefore, we propose following:

Proposal 1:
· Increase the max number of bits for PUSCH time-domain RA field in DCI format 0_1 from 4 to 6.
· Corresponding RAN1 spec need to be changed.
· Corresponding RAN2 parameters need to be changed.
· Send a LS to RAN2 to update the parameter.
· Adopt the following text proposals.
· Check further whether there are any other fields that need to be updated.

TS38.212:
	[bookmark: _Toc510716825]7.3.1.1.2	Format 0_1
DCI format 0_1 is used for the scheduling of PUSCH in one cell. 
The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by C-RNTI:
[…]

-	Time domain resource assignment –  0, 1, 2, 3, or 4 bits as defined in Subclause 6.1.2.1 of [6, TS38.214]. The bitwidth for this field is determined as bits, where I the number of entries in the higher layer parameter pusch-AllocationList.



TS38.331:
[bookmark: _Toc509241523]–	PUSCH-ConfigCommon
The IE PUSCH-ConfigCommon IE is used to configure the cell specific PUSCH parameters.
PUSCH-Config information element
-- ASN1START
-- TAG-PUSCH-CONFIGCOMMON-START

PUSCH-ConfigCommon ::= 					SEQUENCE {
	-- Sequence-group hopping can be enabled or disabled by means of this cell-specific parameter. 
	-- Corresponds to L1 parameter 'Group-hopping-enabled-Transform-precoding' (see 38.211, section FFS_Section)
	-- This field is Cell specific
	groupHoppingEnabledTransformPrecoding	ENUMERATED {enabled}															OPTIONAL,	-- Need R

	-- List of time domain allocations for timing of UL assignment to UL data
	pusch-AllocationList					SEQUENCE (SIZE(1..16maxNrofUL-Allocations)) OF PUSCH-TimeDomainResourceAllocation	OPTIONAL,	-- Need R

	-- ------------------------
	-- Power control parameters

	-- Power offset between msg3 and RACH preamble transmission in steps of 1dB. 
	-- Corresponds to L1 parameter 'Delta-preamble-msg3' (see 38.213, section 7.1)
	msg3-DeltaPreamble							INTEGER (-1..6)															OPTIONAL,	-- Need R

	-- P0 value for PUSCH with grant (except msg3). Value in dBm. Only even values (step size 2) allowed.
	-- Corresponds to L1 parameter 'p0-nominal-pusch-withgrant' (see 38.213, section 7.1)
	-- This field is cell specific
	p0-NominalWithGrant						INTEGER (-202..24)																OPTIONAL,	-- Need R
	...
}

-- TAG-PUSCH-CONFIGCOMMON-STOP
-- ASN1STOP

[bookmark: _Toc509241596][bookmark: _Toc502572306]–	Multiplicity and type constraint definitions
-- ASN1START
-- TAG-MULTIPLICITY-AND-TYPE-CONSTRAINT-DEFINITIONS-START
[...]

maxNrofUL-Allocations 					INTEGER ::= 6416			-- Maximum number of PUSCH time domain resource allocations.

[...]
-- TAG-MULTIPLICITY-AND-TYPE-CONSTRAINT-DEFINITIONS-STOP
-- ASN1STOP


3. Conclusion
In this contribution, we discussed PUSCH time-domain resource allocation and proposed following.
Proposal 1:
· Increase the max number of bits for PUSCH time-domain RA field in DCI format 0_1 from 4 to 6.
· Corresponding RAN1 spec need to be changed.
· Corresponding RAN2 parameters need to be changed.
· Send a LS to RAN2 to update the parameter.
· Adopt the following text proposals.
· Check further whether there are any other fields that need to be updated.
TS38.212:
	7.3.1.1.2	Format 0_1
DCI format 0_1 is used for the scheduling of PUSCH in one cell. 
The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by C-RNTI:
[…]

-	Time domain resource assignment –  0, 1, 2, 3, or 4 bits as defined in Subclause 6.1.2.1 of [6, TS38.214]. The bitwidth for this field is determined as bits, where I the number of entries in the higher layer parameter pusch-AllocationList.



TS38.331:
–	PUSCH-ConfigCommon
The IE PUSCH-ConfigCommon IE is used to configure the cell specific PUSCH parameters.
PUSCH-Config information element
-- ASN1START
-- TAG-PUSCH-CONFIGCOMMON-START

PUSCH-ConfigCommon ::= 					SEQUENCE {
	-- Sequence-group hopping can be enabled or disabled by means of this cell-specific parameter. 
	-- Corresponds to L1 parameter 'Group-hopping-enabled-Transform-precoding' (see 38.211, section FFS_Section)
	-- This field is Cell specific
	groupHoppingEnabledTransformPrecoding	ENUMERATED {enabled}															OPTIONAL,	-- Need R

	-- List of time domain allocations for timing of UL assignment to UL data
	pusch-AllocationList					SEQUENCE (SIZE(1..16maxNrofUL-Allocations)) OF PUSCH-TimeDomainResourceAllocation	OPTIONAL,	-- Need R

	-- ------------------------
	-- Power control parameters

	-- Power offset between msg3 and RACH preamble transmission in steps of 1dB. 
	-- Corresponds to L1 parameter 'Delta-preamble-msg3' (see 38.213, section 7.1)
	msg3-DeltaPreamble							INTEGER (-1..6)															OPTIONAL,	-- Need R

	-- P0 value for PUSCH with grant (except msg3). Value in dBm. Only even values (step size 2) allowed.
	-- Corresponds to L1 parameter 'p0-nominal-pusch-withgrant' (see 38.213, section 7.1)
	-- This field is cell specific
	p0-NominalWithGrant						INTEGER (-202..24)																OPTIONAL,	-- Need R
	...
}

-- TAG-PUSCH-CONFIGCOMMON-STOP
-- ASN1STOP

–	Multiplicity and type constraint definitions
-- ASN1START
-- TAG-MULTIPLICITY-AND-TYPE-CONSTRAINT-DEFINITIONS-START
[...]

maxNrofUL-Allocations 					INTEGER ::= 6416			-- Maximum number of PUSCH time domain resource allocations.

[...]
-- TAG-MULTIPLICITY-AND-TYPE-CONSTRAINT-DEFINITIONS-STOP
-- ASN1STOP
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