3GPP TSG RAN WG1 #112	                                       	 R1-2301207
Athens, Greece, February 27th – March 3rd, 2023

Agenda Item:	9.10.1
Source:	Lenovo
Title:	XR-related CG Enhancements
Document for:	Discussion

Introduction
The following objectives on XR-specific capacity improvements (RAN1, RAN2) have been identified by the work item description (RP-223502)
Specify the enhancements related to capacity:
· Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  
· Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE (RAN1);
This contribution provides details of such specification, mainly related to the dynamic indication of unused CG occasions.
Discussion
Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration
In our view, the current specification stated below (TS 38.214 clause 6.1.2.3) can be used to enable multiple CG occasions in a period of a single CG configuration. 
“A set of allowed periodicities P are defined in [12, TS 38.331]. The higher layer parameter cg-nrofSlots, provides the number of consecutive slots allocated within a configured grant period. The higher layer parameter cg-nrofPUSCHInSlot provides the number of consecutive PUSCH allocations within a slot, where the first PUSCH allocation follows the higher layer parameter timeDomainAllocation for Type 1 PUSCH transmission or the higher layer configuration according to [10, TS 38.321], and UL grant received on the DCI for Type 2 PUSCH transmissions, and the remaining PUSCH allocations have the same length and PUSCH mapping type, and are appended following the previous allocations without any gaps. The same combination of start symbol and length and PUSCH mapping type repeats over the consecutively allocated slots.”
Some minor modifications/clarifications may be specified (e.g., “consecutively allocated slots” can be modified to “consecutively allocated uplink slots”). 
Observation 1: Current specification seems sufficient (maybe subject to minor modifications) to support multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration.   
Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE
To accommodate variable video frame/PDU set size, a configured grant can provide multiple PUSCH transmission occasions, and CG-UCI can indicate if some of the PUSCH occasions are unused, which can help gNB to schedule UL transmissions in unused resources. Other than variation in PDU set size, there could be other scenarios leading to unused CG occasions such as when PDSB for a PDU set is expired or a PDU of a PDU set is lost. Several aspects of the CG-UCI indication are provided in the following with corresponding proposals provided in the conclusions section:
1. A CG-UCI can indicate unused CG occasions within a time duration
a. The length of time duration can be 
i. determined by the UE e.g., the time duration is a single period of a CG configuration, or multiple periods of a CG configuration
ii. indicated e.g., by RRC signalling
b. The start of the time duration can be
i. the N-th symbol/CG occasion after CG-UCI, N>0. 
1. e.g., N>1 can offer gNB some time to process CG-UCI.
ii. the starting symbol of a CG period.
c. The number of bits for the field could be:
i. indicated by gNB or predefined in the specification
ii. determined by the number of CG occasions within the time duration
iii. determined by the number of remaining CG occasions after the CG-UCI within the time duration
d. Based on (a) the number of bits in the field indicating unused CG occasions, and (b) the number of CG occasions within the time duration; the UE can group CG occasions and CG-UCI can indicate unused groups of CG occasions
2. Grouping of CG occasions considering limited number of bits (e.g., 1 or 2) for indication of unused occasions in CG-UCI
a. Grouping Scheme A: given ‘m’ bits for indication of unused CG occasions, the available CG occasions are divided into ‘m’ non-overlapping groups, and each bit indicates whether the corresponding group is unused
i. Assuming 2 bits in UCI for indication of unused CG occasions, and assuming 4 CG occasions within a time duration, an example of such grouping is: Group1 (TO2-TO3); Group2 (TO4)
b.  Grouping Scheme B: given ‘m’ bits for indication of unused CG occasions, the available CG occasions are divided into ‘2^m’ overlapping groups, and each code-point of the CG-UCI indicates whether the corresponding group is unused
i. Assuming 2 bits in UCI for indication of unused CG occasions, and assuming 8 CG occasions within a time duration, an example of such grouping is: Group1 (0 TOs unused); Group2 (TO3-TO8); Group3 (TO4-TO8); Group4 (TO5-TO8)
3. whether a CG-UCI can indicate unused CG occasions of only (a) a single CG configuration or (b) multiple CG configurations.
a. Some benefits of enabling a UCI to indicate unused transmission occasions of multiple CG configurations as opposed to those of a single CG configuration include a) providing gNB the available CG occasions of multiple CG configurations faster which leads to better scheduling decisions b) having less UCI multiplexed in PUSCH occasions; however, more specification effort is needed to enable CG-UCI indication of unused occasions of multiple CG configuration.
4. Whether a SLIV-like indication of unused occasions needed or only the number/duration of unused occasions is sufficient to be indicated (first/last unused occasion is determined by the UE e.g., last unused occasion is the last CG occasion of a CG period if indicated number of unused occasions is larger than 0, or first unused occasion is the first CG occasion after the CG-UCI), or alternatively, a starting unused occasion is indicated, and all CG occasions till the end of the time duration are considered to be unused.
a. We don’t see an important use case, wherein the SLIV-like indication is needed, and hence, we suggest indicating the starting unused CG occasion, and assume all CG occasions till the end of the time duration are considered unused. However, we note if unused CG occasions of multiple CG configurations are indicated by a CG-UCI, depending on the design, SLIV-like indication might be needed.
5. In which CG occasions CG-UCI can be sent
a. Whether CG-UCI can only be sent in the first CG occasion of a CG period or in deterministic CG occasions of a CG period
i. CG-UCI can be sent in more than one CG occasions to provide more reliability or more up-to-date information of unused CG occasions or when the number of UCI bits for indication of unused occasions is small (e.g., 1 bit), and fine granularity of unused CG occasions is needed (e.g., there are 8 CG occasions within a time duration, and 2 bits in CG-UCI are dedicated to unused CG occasions, hence, every 4 CG occasions, 1 CG occasion indicates unused CG occasions for the next 3CG occasions (e.g., according to the table below)



	Code Point in CG-UCI for indication of unused CG occasions
	Unused CG occasions within next 3 CG transmission occasions

	00
	all TOs are used

	01
	TO3

	10
	TO2, TO3

	11
	TO1, TO2, TO3



ii. In our view, having a single indication of unused CG occasions is sufficient for most cases unless CG-UCI is needed to be transmitted in other CG occasions due to other reasons than indicating unused CG occasions. In the latter case, it should be decided whether CG-UCIs transmitted in different CG occasions can indicate consistent unused CG occasions or can update prior CG-UCI indications. In our view, the indications should be consistent as gNB may have already scheduled other UEs in the previously indicated unused CG occasions. 
b. What happens if a CG occasion containing CG-UCI is cancelled (e.g., due to UL-CI)
i. E.g., the next available CG occasion contains the CG-UCI
c. To reduce transmission of control information, CG-UCI for the purpose of unused CG occasion indication can be transmitted if a triggering condition is satisfied, such as when the data transmission has been completed and there is unused CG occasion within applicable time duration of CG-UCI.
6. Interaction of UL cancellation and indication of unused CG occasions
a. Can the UE transmit in the CG occasions previously indicated unused if some of the CG occasions are cancelled? (Example shown in Figure 1)
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[bookmark: _Ref127174956]Figure 1: There are 8 CG transmission occasions (TOs) within a CG period; a data burst that is available at the beginning of the CG period, needs only 4 out of 8 CG TOs; UCI indicates TO 5-TO 8 as unused. UL-CI cancels UL transmission in the 4th TO. Hence, UE uses TO 5 for transmission of the remainder of the data burst or alternatively, UE skips transmission in TO5-TO8 as originally was indicated by the UCI.
b. If multiple CG occasions are grouped for the sake of indication of unused TOs (CG transmission occasions) according to a first TO grouping rule, in case some TOs are cancelled by UL cancellation such as UL-CI (when the gap between UL-CI and UCI is sufficiently large), or in case some TOs are overlapped with symbol(s) indicated as DL symbol(s) by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated  if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst, the un-cancelled TOs can be grouped according to a second TO grouping rule which avoids considering cancelled TOs in the grouping
i. Example: Assume there are 8 CG TOs in the time duration and 2 bits are devoted for indication of unused groups of TOs, for the example shown in the figure below, the original grouping rule and the new grouping rule can be as follows:
1. Original grouping rule: Group1 (0 TOs unused); Group2 (TO4-TO8); Group3 (TO5-TO8); Group4 (TO7-TO8)
2. New grouping rule: Group1 (0 TOs unused); Group2 (TO5-TO8); Group3 (TO6-TO8); Group4 (TO7-TO8)
		Notes:
· if all TOs of a group are unused, that group can be indicated to be unused in the UCI. 
· even if the UE skips transmission of canceled TOs in unused TOs (e.g., postpones the remaining transmissions to another CG period) TO6 could have not been indicated unused according to the original grouping rule; whereas with the new grouping rule, TO6 can be indicated unused.
[image: ]
Figure 2: There are 8 CG transmission occasions within a CG period; data that is available at the beginning of the CG period needs five out of eight CG TOs; UL-CI cancels UL transmission in the TO3 and TO4. The UE will NOT attempt transmitting data of cancelled TO3 and TO4 in TO6 and TO7.

7. Unused CG occasion indication of a time domain window (TDW):  If a UE determines a TDW over which power consistency and phase continuity to be maintained across PUSCH transmissions (for the purpose of DMRS bundling); 
i. if UL-CI cancels a TO that contained DMRS for the time domain window, the UE is expected to indicate the CG occasions of the rest of the time domain window to be unused. 
ii. The UE is expected to indicate all the TOs of the TDW as unused if TO(s) containing DMRS are indicated unused. 
8. CG-UCI indication of unused occasions in case of PUSCH repetition
a. All repetitions of a TB are either indicated unused or used.
9. CG-UCI related Timeline: A timeline (between a DCI and CG-UCI) seems needed to be defined for the following scenarios:
a) if a dynamic UL cancellation (such as UL-CI or SFI) or a scheduling DCI cancels/overrides some of the CG occasions prior to transmission of UL-CI, if the UE has enough time (i.e., the timeline is satisfied) to determine that to transmit the data burst, which CG occasions are needed considering the canceled CG occasions, the UE can indicate to gNB proper unused CG occasions, otherwise, gNB does not know if UE has taken the DCI into account in determining the unused CG occasions. 
Conclusions
This contribution provided our views regarding specification aspects of (a) multiple CG occasions within a CG period and (b) CG-UCI indicating unused CG occasions:
Observation 1: Current specification seems sufficient (maybe subject to minor modifications) to support multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration.   
Proposal 1: A CG-UCI can indicate the unused CG for occasions within a time duration, wherein:
· the length of time duration can be 
· determined by the UE e.g., the time duration is a single period of a CG configuration, or multiple periods of a CG configuration
· indicated e.g., by RRC signalling
· the start of the time duration can be
· the N-th symbol/CG occasion after CG-UCI, N>0.
Proposal 2: A CG-UCI can indicate the unused CG for occasions within a time duration, and the number of bits for indication could be:
· A number of bits (e.g., 1 or 2 bits) indicated by gNB or predefined in the specifications
· determined by the number of CG occasions within the time duration
· determined by the number of remaining CG occasions after the CG-UCI within the time duration
Proposal 3: A CG-UCI can indicate unused CG occasions within a time duration.
· Based on (a) the number of bits in the field indicating unused CG occasions, and (b) the number of CG occasions within the time duration; the UE can group CG occasions and CG-UCI can indicate unused groups of CG occasions
Proposal 4: (CG Occasion Grouping) Given ‘m’ bits for indication of unused CG occasions, the available CG occasions are grouped into:
· Grouping Scheme Alternative A: ‘m’ non-overlapping groups, and each CG-UCI bit indicates whether the corresponding group is unused; or
·  Grouping Scheme Alternative B: ‘2^m’ overlapping groups, and each code-point of the CG-UCI indicates whether the corresponding group is unused
Proposal 5: Decide whether a CG-UCI can indicate unused CG occasions of only (a) a single CG configuration or (b) multiple CG configurations.
Proposal 6: Decide (after decision of single CG configuration vs. multiple CG configurations in proposal 5) whether a SLIV-like indication of unused occasions needed or only the number/duration of unused occasions is sufficient to be indicated.
Proposal 7: Indication of unused CG occasions is only sent in the first available CG occasion of a CG period unless CG-UCI is needed to be transmitted in other CG occasions due to other reasons, in which case, the indications should be consistent with respect to unused CG occasions.
Proposal 8: Decide if a UE can transmit data of cancelled CG occasions in a previously indicated unused occasion.
Proposal 9: Decide if grouping of CG occasions for indication of unused CG occasions avoids CG occasion(s) cancelled (dynamically or semi-statically) prior to transmission of CG-UCI.
Proposal 10: The UE is expected to indicate all the TOs of the TDW as unused if TO(s) containing DMRS are indicated unused/cancelled.
Proposal 11: Define a timeline between a DCI (such as UL-CI) cancelling CG occasion(s) and CG-UCI. If the timeline is satisfied, the UE takes cancelled CG occasions into account for determining the unused CG occasions.  
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