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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For 3GPP RAN Rel-18, a new WID “XR Enhancements for NR” has been approved in RAN#99e with the following areas: power saving, capacity and XR Awareness [2]. RAN1 has focused on two topics: multiple configured grant (CG) PUSCH transmission occasions in a period of a single CG PUSCH configuration and dynamic indication of unused CG PUSCH occasion(s) based on uplink control information (UCI) by the UE. Discussion on multiple CG PUSCHs has been finished till RAN1#113. The only remaining issue is how to define and transmit the new UCI.
	(Copied from RP-230786 [2])
4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
Specify the enhancements related to power saving:
· DRX support of XR frame rates corresponding to non-integer periodicities (through at least semi-static mechanisms e.g. RRC signalling) (RAN2).
Specify the enhancements related to capacity:
· Multiple Configured Grant (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 Uplink Control Information (UCI) by the UE (RAN1, RAN2);
· Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);
· Delay reporting of buffered data in uplink (RAN2);
· Discard operation of PDU Sets for DL and UL (RAN2, RAN3);
Specify the enhancements for XR Awareness:
· Signalling by CN of semi-static information per QoS flow (e.g. PDU set QoS parameters), dynamic information per PDU set (PDU Set information and Identification) and End of Data Burst indication (RAN3, RAN2);
· Impact of identifying by UE of PDU Sets, Data bursts and PSI, as needed (RAN2);
· Provisioning by UE of XR traffic assistance information e.g. periodicity, UL traffic arrival information (RAN2, RAN3);
· Support signalling the congestion information from RAN to the CN in alignment with SA2 (RAN3); 



In this contribution, we provide our views on dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK77][bookmark: OLE_LINK79]Discussion
Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE
In the last RAN1 meeting, companies have discussed many issues on the new UCI indicating unused CG PUSCH occasion(s), including the contents of the UCI and how to transmit the UCI. We will provide our views on these issues in the following sections.
Contents of the new UCI
In RAN1#113 meeting, the following four options have been agreed to be considered for the information provided by the UCI. We will first analyze how these four options work and then focus on the following aspects: 1) RAN2 will probably specify how to determine a CG PUSCH is used or unused; 2) Offset is needed to reflect gNB processing delay; 3) No need to extend to multiple CG configurations.
	Agreement
For a CG configuration with UTO-UCI indication enabled, to determine the indicated CG PUSCH by a UTO-UCI indication, consider the following options for further down-selection:
Option A-1a: 
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt-2: one or multiple of CG periodicity given by integer values (n=1, 2, ..)
· The starting time of the first period of UTO periodicity starts at the same as starting time of the first period of the CG configuration and ends after UTO_period. The next UTO period(s) are followed after the first UTO period.
· A transmitted CG PUSCH that is confined within a UTO period, carries UTO-UCI that is applicable to the CG PUSCH TOs within the UTO period.
Option A-2a:
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt -2: one or multiple of CG periodicity given by integer values (n=1, 2, ..)
· Configure the RRC parameter UTO_offset. 
· FFS range value of UTO_offset 
· The starting time of the first period of UTO periodicity starts at the same as starting time of the first period of the CG configuration and ends after UTO_period. The next UTO period(s) are followed after the first UTO period.
· A transmitted CG PUSCH that is confined within a UTO period, carries UTO-UCI that is applicable to the CG PUSCH TOs within the UTO period and after UTO_offset from the end of the transmitted CG PUSCH.
Option B-a:
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt -2: one or multiple of CG periodicity given by integer value (n=1, 2, ..)
· UTO_offset is the offset value. 
· Alt-1: UTO_Offset is provided by configuration.
· FFS range value of UTO_offset 
· Alt-2: UTO_Offset = 0
· A transmitted CG PUSCH carries UTO-UCI that is applicable to the valid CG PUSCH TOs that are confined within UTO_period starting with UTO_offset from the end of the transmitted CG PUSCH. 
Option B-b2:
· Configure the RRC parameter Nu (Nu is the size of bit-map)
· FFS range value of Nu
· UTO_offset is the offset value. 
· Alt-1: UTO_Offset is provided by configuration.
· FFS range value of UTO_offset 
· Alt-2: UTO_Offset = 0
· A transmitted CG PUSCH, carries UTO-UCI that is applicable to the Nu consecutive and valid CG PUSCH TOs, starting with UTO_offset from the end of the transmitted CG PUSCH.
FFS on whether/how to extend to multiple CG configurations


For Option A-1a, the RRC parameter UTO_period is configured. The starting time of the first UTO-UCI period aligns with the first starting time of the CG period and ends after UTO_period. The next UTO period(s) are followed after the first UTO period. The applicable range of the UTO-UCI is the current UTO_period. For example, as shown in Figure 1, assume the UTO_period and CG period are the same and equal to 15 slots. The UTO-UCI carried on the 1st CG PUSCH in the 1st CG period indicate the three CG PUSCHs in the 1st CG period are used or unused. The bitmap [1 1 0] means the first two CG PUSCHs are used and the last CG PUSCH is unused. 
[image: ]
[bookmark: _Ref142036089]Figure 1. Illustration of Option A-1a (UTO_Period = CG Period)
However, it can be seen that the UTO-UCI in later occasions still indicate whether the past CG PUSCHs are used or not, which is already known by gNB. It is unnecessary and waste of signaling.
[bookmark: _Ref142413675]Observation 1: In Option A-1a, the UTO-UCI at later occasions still indicate whether the past CG PUSCHs are used or not, which is unnecessary and waste of signaling.
Compared with Option A-1a, Option A-2a has introduced UTO_offset. The starting point of the applicable time duration is the time after the UTO_offset where the UCI is sent. As shown in Figure 2, the value of UTO_offset is assumed as 3 slots. For the UTO-UCI carried on the first CG PUSCH TO in the first CG period, the applicable range covers the last two CG PUSCHs. And the applicable range of the UTO-UCI carried on the second CG PUSCH covers the last CG PUSCH.
[image: ]
[bookmark: _Ref141888417]Figure 2. Illustration of Option A-2a (UTO_offset = 3 slots)
In this option, the UTO-UCI in later occasions do not indicate whether the past CG PUSCHs are used or not, which avoids the waste of signaling issue in Option A-1a.
Different from Option A-1a and A-2a, the applicable time duration in Option B-a is like a sliding window. It indicates the CG PUSCH TOs in next UTO_period are used or not. UTO_period can be any values in time unit (Alt-1) or one or multiple of CG periodicity given by integer value (Alt-2). As shown in Figure 3, assume UTO_period is 15 slots (one CG periodicity) and UTO_offset is 0. E.g., UTO-UCI carried on one CG PUSCH indicates the CG PUSCHs in the next 15 slots are used or not. There are three CG PUSCHs in 15 slots in this example. It can be seen that the applicable range of the UTO-UCI may cross multiple CG periods.
[image: ]
[bookmark: _Ref142052429]Figure 3. Illustration of Option B-a (UTO_offset = 0)
Similar with Option B-a, the applicable time duration in Option B-b2 is also a sliding window. The difference is that Option B-a is based on the absolute time (e.g. values in time unit or one or multiple CG periodicity) while Option B-b2 is based on the number of CG PUSCH TOs. In different TDD format, the same absolute time may contain different number of CG PUSCH TOs. Assume Nu is 3 and UTO_offset is 0. The UTO-UCI carried on the first CG PUSCH indicates the next three CG PUSCHs are used or not. It can be seen that the applicable range of the UTO-UCI may cross multiple CG periods.
[image: ]
Figure 4. Illustration of Option B-b2 (Nu=3, UTO_offset=0)
In addition to Option B, the UTO-UCI may also cross multiple CG periods if the UTO_period is not equal to CG period in Option A, as shown in Figure 5. 
[image: ]
[bookmark: _Ref142053598]Figure 5. Illustration of Option A-1a (UTO_period=30 slots, CG Period = 15 slots)
[bookmark: _Ref142413681]Observation 2: The applicable range of the UTO-UCI may cross multiple CG periods in the following cases:
· Option B (Option B-a and Option B-b2).
· Option A (Option A-1a and Option A-2a) if UTO_period is not equal to CG period.
Next, we further analyze pros/cons of each option mainly focusing on following aspects.
1) RAN2 will probably specify how to determine a CG PUSCH is used or unused
One remaining issue for R18 XR is how UE determines a CG PUSCH is used or unused, i.e., how to set the bit value in the UTO-UCI bitmap.
Some companies may assume this is up to UE implementation. However, as per legacy specification, if there is no data to be transmitted, MAC entity is allowed not to generate MAC PDU and the CG occasion can be skipped by the UE, so that UE can save transmission power. Hence, if it is left up to UE implementation on how UE determines a CG PUSCH is used or unused, UE will probably always indicate future CG PUSCH are “used” since there is no penalty and only benefits, i.e., UE will probably always reserve CG PUSCH resources for itself, and can perform CG skipping if there is no data to be transmitted. As a result, the feature of dynamic indication of unused CG PUSCH occasion(s) is useless.
To address above issue, RAN2 will probably specify how to determine a CG PUSCH is used or unused. One simple way is calculating whether a CG PUSCH is used or unused based on current buffer size. More details can be found in our RAN2 Tdoc R2-2307120 [4]. It is envisioned that RAN2 will probably discuss this issue in August meeting.
Assume RAN2 specifies how to determine a CG PUSCH is used or unused based on current buffer size. Then, options whose applicable range of UTO-UCI may cross multiple CG periods will have serious issues in terms of transmission delay and capacity, and shall be precluded. 
Take Figure 5 as an example, assume frame #0 arrives at slot 0 and frame #1 arrives at slot 15. Assume UTO_period is 30 slots and there are 6 CG PUSCHs in the applicable range of a UTO-UCI. For UTO-UCI on CG PUSCH #0, assume two CG PUSCHs will used according to the current buffer size. Thus, its bitmap is [1 1 0 0 0 0] which indicates CG PUSCH #0 and CG PUSCH#1 are used and CG PUSCH #2 ~ CG PUSCH #6 are unused. According to RAN1 agreement, a CG PUSCH occasion indicated as “unused” earlier, is not allowed to be indicated as “NOT unused later”. Thus, CG PUSCH#2~#5 cannot be used by the UE anymore since they may have already been re-allocated to other UEs by gNB. Then, when frame #1 arrives at slot 15, there are no reserved CG PUSCH resources for this UE. The UE can only send SR/BSR and wait for dynamic scheduling, which is a serious issue due to increased transmission delay and decreased capacity. 
In short, among the candidate options, only Option A-x with UTO_period equals to CG period can be further considered.
[bookmark: _Ref142413690]Observation 3: On how UE determines a CG PUSCH is used or unused:
· If it is left up to UE implementation, UE will probably always indicate future CG PUSCH are “used” since there is no penalty and only benefits. As a result, the feature of dynamic indication of unused CG PUSCH occasion(s) is useless.
· Therefore, RAN2 will probably specify how to determine a CG PUSCH is used or unused, e.g., based on current buffer size. If so, options whose applicable range of UTO-UCI may cross multiple CG periods will have serious issues in terms of transmission delay and capacity, and shall be precluded.
[bookmark: _Ref131778887]2) Offset is needed to reflect gNB processing delay
For the above four options, Option A-2a, Option B-a, and Option B-b2 consider to configure an offset value. Considering gNB processing delay, it’s reasonable to introduce UTO_offset. For example, if the current CG PUSCH#1 and subsequent CG PUSCH#2 are in two consecutive slots, then gNB probably has no time to re-allocate CG PUSCH#2 to other UEs after decoding UTO-UCI on CG PUSCH#1. Thus, the UTO-UCI transmitting on CG PUSCH#1 does not need to indicate whether CG PUSCH#2 is used or unused. Note that if the fixed offset is introduced, it should be in terms of absolute time (e.g., slots/ms) instead of TOs since it mainly reflects gNB processing delay which is in terms of absolute time. 
Regarding the value range of UTO_offset, below are some analysis by referring to current specification. 
In Rel-16 NR-U, the parameter cg-minDFI-Delay is introduced to indicate the minimum duration from the ending symbol of the PUSCH to the start symbol of the PDCCH containing the downlink feedback information carrying HARQ-ACK for this PUSCH. cg-minDFI-Delay can roughly reflect PUSCH decoding delay. The maximum value in different subcarrier spacing is 4ms. In addition, in order to guarantee the unused resources can be scheduled to other UEs, the UTO_offset should be larger than K2, where K2 indicates the time gap between DCI and scheduled PUSCH and its maximum of K2 is 16 slots in Rel-16. 
The UTO_offset should consider UCI decoding delay and re-allocating delay. The UCI decoding delay can be approximated by PUSCH decoding delay and re-allocating delay can be approximated by K2. Thus, the range 1 ~ 16 slots is suggested.
In summary, based on above analysis, Option A-2a is preferred:
[bookmark: _Ref142413744]Proposal 1: To determine the indicated CG PUSCH by a UTO-UCI indication, Option A-2a is supported with following further details:
· The value of UTO_period is always equal to CG periodicity (i.e., Alt-2 with n=1).
· Configure the RRC parameter UTO_offset (unit is slots or ms, i.e. 1, 2, … 16 slots). 
3) Multiple CG configurations
In the last RAN1 meeting, companies have discussed whether the UTO-UCI can indicate CG PUSCHs associated to multiple CG configurations. According to the agreement in RAN1 #112bis-e meeting, the UTO-UCI is included in every CG PUSCH that is transmitted. That is, whether the CG PUSCH associated to one CG configuration is used or not can be indicated by the UTO-UCI transmitted on its own CG PUSCHs. There is no need to extend to multiple CG configurations.
	Agreement
For Indication of UTO-UCI by CG PUSCHs associated to a CG configuration, is enabled by configuration of an RRC parameter.
· FFS on whether/how to extend to multiple CG configurations


In addition, if extending to multiple CG configurations, how to order the CG PUSCH and how to associate the UTO-UCI with CG configurations would be discussed, which would introduce a lot of workload. However, RAN1 only has one meeting left.
	Agreement 
Option 1: For a CG PUSCH configuration, the UTO-UCI is included in every CG PUSCH that is transmitted (that is Option 1 in corresponding agreement in RAN1#112)
· FFS details
Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.


[bookmark: _Ref142413749]Proposal 2: Do not support the indication of UTO-UCI extend to multiple CG configurations. 
[bookmark: OLE_LINK80][bookmark: OLE_LINK78][bookmark: OLE_LINK73]How to transmit such UCI
In RAN1#112bis-e meeting, many issues on how to transmit such UCI have been discussed and some of the agreements are listed as follows. 
	Agreement
The existing CG-UCI encoding and multiplexing procedures are reused for encoding the “UTO-UCI” in a configured grant PUSCH in absence or presence of other UCIs being multiplexed in the PUSCH, by applying the following adjustments:
· The “UTO-UCI” is used instead of CG-UCI in the corresponding procedures for encoding of CG-UCI and/or HARQ-ACK, whichever is present.
· For determining the beta-offset,
· Beta offset is configured for the “UTO-UCI”
· If UTO-UCI and HARQ-ACK is not jointly encoded, the beta offset for the “UTO-UCI” is used in the procedures instead of CG-UCI beta offset
· If UTO-UCI and HARQ-ACK is jointly encoded, HARQ-ACK beta offset is used in the procedures instead of CG-UCI beta offset
· FFS on sequence generation order between UTO-UCI and HARQ-ACK
· FFS on dropping rule between UTO-UCI and HARQ-ACK when joint encoding is not configured
Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.


Sequence generation order between UTO-UCI and HARQ-ACK
According to the above agreements, the encoding and multiplexing procedures for UTO-UCI can apply CG-UCI as baseline and sequence generation order between UTO-UCI and HARQ-ACK should be further studied. As per TS 38.212 Clause 6.3.2.1.4, the bit sequence generation rule is as follows when the HARQ-ACK and CG-UCI is jointly encoded:
	(Copied from TS 38.212)
[bookmark: _Toc29326567][bookmark: _Toc29327717][bookmark: _Toc36045907][bookmark: _Toc36046167][bookmark: _Toc36046313][bookmark: _Toc45209230][bookmark: _Toc51852403][bookmark: _Toc129874481]6.3.2.1.4	HARQ-ACK and CG-UCI
When higher layer parameter cg-UCI-Multiplexing is configured, the UCI bit sequence  is determined as follows, where .
-	The CG-UCI bits are mapped to the UCI bit sequence, where for . The CG-UCI bit sequence  is given by Table 6.3.2.1.3-1 mapped in the order from upper part to lower part, and  is number of CG-UCI bits;
-	The HARQ-ACK bits are mapped to the UCI bit sequence , where  for . The HARQ-ACK bit sequence  is given by Clause 9.1 of [5, TS38.213], and  is number of HARQ-ACK bits.


In the UCI bit sequence, CG-UCI is before HARQ-ACK. After bit sequence generation, the number of coded modulation symbols per layer for HARQ-ACK and CG-UCI transmission can be determined according to the following formula described in TS 38.212 Clause 6.3.2.4.1.5. 
	[bookmark: _Toc29326580][bookmark: _Toc29327730][bookmark: _Toc36045920][bookmark: _Toc36046180][bookmark: _Toc36046326][bookmark: _Toc45209243][bookmark: _Toc51852416][bookmark: _Toc129874495](Copied from TS 38.212)
6.3.2.4.1.5	HARQ-ACK and CG-UCI
For HARQ-ACK and CG-UCI transmission on PUSCH with UL-SCH and if numberOfSlotsTBoMS is not present in the resource allocation table, or if numberOfSlotsTBoMS is present in the resource allocation table and the value of numberOfSlotsTBoMS in the row indicated by the Time domain resource assignment field in DCI is equal to 1, the number of coded modulation symbols per layer for HARQ-ACK and CG-UCI transmission, denoted as , is determined as follows:
	
where
-	 is the number of HARQ-ACK bits;
-	 is the number of CG-UCI bits;
-	if , ; otherwise  is the number of CRC bits for HARQ-ACK and CG-UCI determined according to Clause 6.3.1.2.1;
-	;
-	 is the number of code blocks for UL-SCH of the PUSCH transmission;
-	 is the r-th code block size for UL-SCH of the PUSCH transmission;
-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;
-	 is the number of subcarriers in OFDM symbol l that carries PTRS, in the PUSCH transmission;
-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol l, for =0,1,2,…, , in the PUSCH transmission and  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS;
-	for any OFDM symbol that carries DMRS of the PUSCH, ;
-	for any OFDM symbol that does not carry DMRS of the PUSCH, ;
-	 is configured by higher layer parameter scaling;
-	 is the symbol index of the first OFDM symbol that does not carry DMRS of the PUSCH, after the first DMRS symbol(s), in the PUSCH transmission.


Note that one principle to order UCI bit sequence is based on the importance. NR-U CG-UCI contains HARQ process ID field. The gNB needs to decode PUSCH according to the HARQ process ID. Companies have consensus on that CG-UCI is more important than HARQ ACK and CSI. Thus, CG-UCI has been agreed to put before HARQ ACK and CSI in current specification so that if the reserved resource for HARQ ACK and CG-UCI is not enough, HARQ-ACK can be dropped first. 
However, for XR, the UCI indicating unused CG PUSCH TO(s) does not convey HARQ process ID. The UTO-UCI is not as important as HARQ ACK. Following the same importance-based principle, it is reasonable to put the UTO-UCI after HARQ ACK. Thus, when resource is limited, HARQ ACK can still be transmitted and avoid unnecessary retransmissions.
[bookmark: _Ref131778900][bookmark: _Ref134692301]Proposal 3: Regarding sequence generation order between UTO-UCI and HARQ-ACK, HARQ-ACK is prior to UTO-UCI.
Dropping rule
For the dropping rule between UTO-UCI and HARQ-ACK, it is more reasonable that these two UCIs should be jointly encoded. Then, if joint encoding is not configured, the mechanism of CG-UCI can be reused: if the HARQ-ACK information and the PUSCH have same priority index, the UE does not transmit the PUSCH and multiplexes the HARQ-ACK information in a PUCCH transmission or in another PUSCH transmission; if the HARQ-ACK information and the PUSCH have different priority indexes, the UE does not transmit the channel with the smaller priority index.
Conclusions
In this contribution, we provide some views on the contents of the UCI and point out how to transmit such UCI. The following proposals and observations are given:
Observation 1: In Option A-1a, the UTO-UCI at later occasions still indicate whether the past CG PUSCHs are used or not, which is unnecessary and waste of signaling.
Observation 2: The applicable range of the UTO-UCI may cross multiple CG periods in the following cases:
· Option B (Option B-a and Option B-b2).
· Option A (Option A-1a and Option A-2a) if UTO_period is not equal to CG period.
Observation 3: On how UE determines a CG PUSCH is used or unused:
· If it is left up to UE implementation, UE will probably always indicate future CG PUSCH are “used” since there is no penalty and only benefits. As a result, the feature of dynamic indication of unused CG PUSCH occasion(s) is useless.
· Therefore, RAN2 will probably specify how to determine a CG PUSCH is used or unused, e.g., based on current buffer size. If so, options whose applicable range of UTO-UCI may cross multiple CG periods will have serious issues in terms of transmission delay and capacity, and shall be precluded.

Proposal 1: To determine the indicated CG PUSCH by a UTO-UCI indication, Option A-2a is supported with following further details:
· The value of UTO_period is always equal to CG periodicity (i.e., Alt-2 with n=1).
· [bookmark: _GoBack]Configure the RRC parameter UTO_offset (unit is slots or ms, i.e. 1, 2, … 16 slots). 
Proposal 2: Do not support the indication of UTO-UCI extend to multiple CG configurations.
Proposal 3: Regarding sequence generation order between UTO-UCI and HARQ-ACK, HARQ-ACK is prior to UTO-UCI.
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