


3GPP TSG-RAN WG2 Meeting #124	R2- 2313497
Chicago, USA, 13 – 17 November 2023	


Agenda item:	7.25.1
Source:	Nokia, Nokia Shanghai Bell
Title:	Cross-RRH TCI state switch
WID/SID:	NR_HST_FR2_Enh - Release 18
Document for:	Discussion and Decision
1	Introduction
RAN4 has indicated in R4-2306399 that:
RAN WG4 has introduced the support for High Speed Train (HST) scenarios in NR Frequency Range (FR2) in Release 17 NR_HST_FR2 WI.
As a result Release 17 discussion, a RAN4 requirement on One shot large UL timing adjustment for FR2 Power Class 6 UE was introduced in Clause 7.1.2.3 of TS 38.133.
RAN WG4 is working on the Release 18 NR_HST_FR2_enh WI on enhanced support for HST scenario in FR2. One of the objectives of the Release 18 WI [WID, RP-220985] is to 
· Specify UL timing adjustment solution, including explicit NW signalling assistance, for FR2 HST scenario with large UL/DL propagation delay difference from different RRHs/TRPs to UE [RAN4, RAN2].
RAN4 has concluded that NW signalling assistance is needed to indicate when the UE shall apply one-shot large uplink timing adjustment at TCI state switch. The following was agreed at RAN4#106bis-e:
· Introduce MAC-CE based solution with 1bit indication to inform UE on the TCI state switch across RRHs
In this paper we discuss implications to RAN2.
2	Discussion
2.1	Background
RAN WG4 has originally introduced the support for High Speed Train (HST) scenarios in NR Frequency Range (FR2) in Release 17 NR_HST_FR2 WI.
Following the TR 38.854, in HST FR2 deployments, 1 to 4 non-collocated RRHs can be connected to the same BBU sharing the same PCI. Therefore, a large jump in propagation delay happens when the TCI state is switched in between non-collocated RRHs of the same cell.
During the Release 17 WI the following key agreements were achieved in RAN4 in relation to UL TX timing adjustment in HST FR2 scenarios:
· Introduction of a mechanism for one shot large uplink timing adjustment for FR2 HST scenarios with UE allowed to adjust uplink timing beyond Tq [RAN4#101-e, R4-2120416]
· Network configuration to enable one shot large uplink timing adjustment mechanism [RAN4#101-e, R4-2120416]
· UE shall apply one shot large timing adjustment, if enabled, on TCI switching occasion if UE measurement on DL received timing difference is larger than a threshold. [RAN4#101-bsi-e, R4-2202767]
· When one shot large uplink timing adjustment mechanism not in use, initial transmit timing requirement in Clause 7.1.2 is applied after inter-RRH TCI state switch. [RAN4#106, R4-2303158]
As a result of the agreements above, in Release 17, a new requirement on One shot large UL timing adjustment for FR2 Power Class 6 UE was introduced in Clause 7.1.2.3 of TS 38.133.
Now RAN2 received LS regarding the Release 18 NR_HST_FR2_enh WI on enhanced support for HST scenario in FR2. One of the objectives of the Release 18 WI [WID, RP-220985] is to 
· Specify UL timing adjustment solution, including explicit NW signalling assistance, for FR2 HST scenario with large UL/DL propagation delay difference from different RRHs/TRPs to UE [RAN4, RAN2].
RAN4 has concluded that NW signalling assistance is needed to indicate when the UE shall apply one-shot large uplink timing adjustment at TCI state switch. The following was agreed at RAN4#106bis-e:
· Introduce MAC-CE based solution with 1bit indication to inform UE on the TCI state switch across RRHs
in RAN2#122 The LS from RAN4 was discussed and reply LS was sent in R2-2306865 with following content:
RAN2 discussed the RAN4 LS (R4-2306399) on MAC-CE based indication for cross-RRH TCI state switch. RAN2 agreed that It is feasible to specify requested MAC CE. But before progressing with the CRs RAN2 would like to understand and ask for few clarifications.
Therefore, RAN2 would like to seek RAN4’s input for the below questions:
· Question 1: Is it correct RAN2 understanding that the RAN4 LS only affects the MAC CEs intended for indicating target TCI state for PDCCH in 6.1.3.15 in TS 38.321?
· Question 2: Whether the enhanced TCI state indication in 6.1.3.44 of TS 38.321 (i.e., the MAC CE indicates two target TCI states) or the unified TCI state indication in 6.1.3.47 (i.e., the MAC CE indicating a unified states for UL and DL) is intended to be supported for cross-RRH TCI state switch ? 
· Question 3: What is the intended UE behavior (e.g. regarding timing advance handling) upon reception of the MAC CE with indication on the TCI state switch across RRHs? For example, Does UE behavior also depend on the existing RRC parameter highSpeedDeploymentTypeFR2? Is it possible to update timing advance upon reception of the MAC CE with indication on the TCI state switch across RRHs and if not should UE stop uplink transmissions?

Regarding Q1 and Q2 – RAN4 responses in R4-2314299:
· Question 1 (RAN2):
Is it correct RAN2 understanding that the RAN4 LS only affects the MAC CEs intended for indicating target TCI state for PDCCH in 6.1.3.15 in TS 38.321?
· Answer 1 (RAN4):
Yes, RAN4 LS only affects the MAC CEs intended for indicating target TCI state for PDCCH in 6.1.3.15 in TS 38.321.
· Question 2 (RAN2):
Whether the enhanced TCI state indication in 6.1.3.44 of TS 38.321 (i.e., the MAC CE indicates two target TCI states) or the unified TCI state indication in 6.1.3.47 (i.e., the MAC CE indicating a unified states for UL and DL) is intended to be supported for cross-RRH TCI state switch?
· Answer 2 (RAN4):
Enhanced TCI state indication in 6.1.3.44 (i.e., the MAC CE indicates two target TCI states) and the unified TCI state indication in 6.1.3.47 (i.e., the MAC CE indicating a unified states for UL and DL) are not intended to be supported by enhanced MAC-CE indication.
Obsevation 1: It is clear that we will only need to make updates to MAC CE “TCI States Activation/Deactivation for UE-specific PDSCH MAC CE”

Then the third question was releated to UE behaviour on reception of the “MAC CE”:
· Question 3 (RAN2):
What is the intended UE behavior (e.g. regarding timing advance handling) upon reception of the MAC CE with indication on the TCI state switch across RRHs? For example, Does UE behavior also depend on the existing RRC parameter highSpeedDeploymentTypeFR2? Is it possible to update timing advance upon reception of the MAC CE with indication on the TCI state switch across RRHs and if not should UE stop uplink transmissions?
· Answer 3 (RAN4):
In HST FR2 scenario, when highSpeedMeasFlagFR2-r17 is configured the following HST PC 6 UE behavior is expected upon the reception of enhanced MAC CE:
1) MAC-CE indicates “1”:
a. Rel-17 TCI state switching delay requirements in HST FR2 scenarios from TS 38.133, Clause 8.10.3A are followed without changes.
b. When highSpeedLargeOneStepUL-TimingFR2-r17 is enabled for HST PC 6 UE supporting [largeOneStepUL-timingFR2-r17] capability, UE shall apply the one shot large timing adjustment specified in Clause 7.1.2.3 in TS 38.133 on the first UL transmission after TCI state switch without checking the DL timing difference threshold.
2) MAC-CE indicates “0”:
a. UE follows the Rel-15 TCI state switching requirements as described in TS 38.133 Clause 8.10.3
b. Gradual timing adjustment requirements in Clause 7.1.2.1 in TS 38.133 apply to the first UL transmission after TCI state switch, i.e., one shot large UL timing adjustment is not applied.
UE timing adjustment behavior does not depend on the existing Rel-17 RRC parameter highSpeedDeploymentTypeFR2.
No new PC6 UE behaviour is expected in comparison to Rel-17 when Rel-18 enhanced MAC CE indication is not signaled or UE does not support [highSpeedTCISwitchEnhMAC-CE-FR2-r18] capability.

RAN2 had a discussion on this topic then and sent a LS in R2-2311619 as it would be preferable if one could cope with doing new MAC CE by reusing exactly same codign as for existing MAC CE without needing extra bit(s) to differentiate these two cases mentioned in above RAN4 LS RAN2 would like to thank RAN4 on the LS on Reply LS on MAC-CE Based Indication for Cross-RRH TCI State Switch. We discussed the topic and agree following:
FFS Introduce new MAC CE that has the same payload as “TCI State Indication for UE-specific PDCCH MAC CE” with eLCID.  Pending RAN4 clarifications
In the RAN2 discussion there was no clear understanding regarding answer 3 in the LS why we need a new MAC CE indicating separately “1” and “0” as it looked like case “0” seemed to be similar to behavior of UE in case of receiving the legacy MAC CE (i.e. MAC CE intended for indicating target TCI state for PDCCH in 6.1.3.15) with a possible difference being that UE does not check downlink timing difference. But it caused confusion in RAN2 because companies think NW can send legacy MAC CE to the UE when NW thinks the timing difference is not large to address the case ”0” in RAN4’s LS”, as UE will not apply large one shot UL timing adjustment. 
If this is the case then it would simplify RAN2 work as we could just introduce new MAC CE with the same contents of the legacy MAC CE with just a new (e)LCID (i.e.to correspond to MAC CE with “1” as described in the LS R4-2314299) and avoid designing a new MAC CE with an extra octet indicating value “1” or value “0” explicitly and thus causing extra overhead.
2.1 UE behaviour
When cross RRH TCI state switch indication is sent to the UE it means that NW knows that UL timing difference between RRHs is large 


Figure 2: Large UL timing difference between RRHs
but as the indication is purely “1-bit” indication it means NW does not know actual timing difference between RRHs and is not signaling those to the UE. Thus we see that there are at least two feasible situations that may occur:
1. UE supports and NW has configured highSpeedLargeOneStepUL-TimingFR2-r17 (one shot uplink timing adjustment) and the new MAC CE indicates “1”
a. UE performs one shot large uplink timing adjustment if configured by NW (and UE supports the R17 corresponding feature)
2. the new MAC CE indicates “0” and regardless of support or configuration of highSpeedLargeOneStepUL-TimingFR2-r17
a. UE follows general gradual UL timing adjustment principles
3. UE does not support highSpeedLargeOneStepUL-TimingFR2-r17 (one shot uplink timing adjustment) and the new MAC CE indicates “1”
a. It is not clear from the LS whether scenario where new R18 MAC CE is supported but UE does not support highSpeedLargeOneStepUL-TimingFR2-r17 is possible or is it always required UE to support large one step UL timing adjustment when supporting the new R18 MAC CE. If this scenario is needed to be supported UE cannot make autonomous UL timing adjustment it seems UE needs to setup new timing advance via existing mechanisms i.e. PDCCH order or UE autonomous RACH procedure. It seems necessary to stop UL transmissions until new TA has been acquired in this situation

Observation 1: After receiving cross-RRH TCI state switch MAC CE UE should stop UL transmissions unless uplink timing is updated 
It seems that in scenario where UE does cannot autonomously update UL timing (one shot large uplink timing adjustment) one needs to wait uplink timing adjustment before one can continue with uplink transmissions.In such a scenario UE autonomous handling should just stop UL transmissions but not delete RRC configuration regarding SRS/PUCCH etc. From RAN2 point of view one way to capture this behaviour is to model it via timeAlignmentTimer handling i.e. UE will not transmit anything in UL until it has acquired appropriate UL timing i.e. until timeAlignmentTimer is running. From 38.321 one can derive that:
· timeAlignmentTimer should be running only when UL time is assumed to be aligned
· timeAlignmentTimer is started or restarted when time alignment adjustment is received either in RAR message or in MAC CE.
· [bookmark: _Hlk118573711]timeAlignmentTimer is not running, MAC entity shall not perform any UL transmission on a Serving Cell 
· 
Problem with this approach is that UE would also do following as TAT is considered as expired if stopped:
3>	flush all HARQ buffers for all Serving Cells;
3>	notify RRC to release PUCCH for all Serving Cells, if configured;
3>	notify RRC to release SRS for all Serving Cells, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	consider all running timeAlignmentTimers as expired;
3>	maintain NTA (defined in TS 38.211 [8]) of all TAGs.
In this scenario this should not be done i.e. we would need some other behaviour e.g. which does not trigger all of above points. Thus we propose to that timeAlignmentTimer is stopped in the case of cross-RRH TCI state switch MAC CE is received but it would not trigger other TAT expiry actions. 
Proposal 1: UE shall stop timeAlignmentTimer when cross-RRH TCI state switch MAC CE is received and highSpeedLargeOneStepUL-TimingFR2-r17 is not configured but does not trigger other TAT Expiry actions but prevents UL transmissions
2.2	MAC CE
In HST FR2 scenario, when legacy MAC CE is sent (Rel-15 TCI state for PDCCH from 6.1.3.15), the PC6 UE behaviour is defined by the requirements defined in Rel-17 version of the TS 38.133, i.e., in clauses 7.1.2.3, and 8.10.3A, i.e., the DL timing difference threshold is checked and TCI state switching delay takes longer due to a potential large difference in propagation delays. Therefore, legacy Rel-17 PC6 UE behaviour is much closer to the case “1” described in the RAN4 LS [3] than to case “0”, where large difference in propagation delays is not expected.
Observation 1: [bookmark: _Toc149739220]RAN2 in the reply LS assumed that “case “0” seemed to be similar to behaviour of UE in case of receiving the legacy MAC CE” and that “NW can send legacy MAC CE to the UE when NW thinks the timing difference is not large”. However, in Rel-17, legacy “TCI State Indication for UE-specific PDCCH MAC CE” is already used in HST FR2 scenario for PC6 UEs when there is large timing difference between DL signals from two non-collocated RRHs.
It will add a lot of confusion if in Rel-17 and in Rel-18 the PC6 UE will need to behave in different way when legacy MAC CE is received. Hence, the PC6 UE behaviour based on legacy MAC CE should be preserved in Rel-18 like it was in Rel-17.
[bookmark: _Toc149739221]Observation 2: PC6 UE behaviour in Rel-18 shall stay the same as it was in Rel-17 when legacy MAC CE TCI state switch indication for PDCCH is received (i.e., as described in Rel-17 Clause 7.1.2.3 and 8.10.3A in TS 38.133).

in order to simplify the design of new MAC CE and to avoid the change of the payload due to the addition of 1-bit indication, then the only way to achieve that would be to select only one UE behaviour among Case “1” and Case “0”. Below, we compare these to cases to the Rel-17 requirement:
1) MAC-CE indicates “1” (UE may expect that there is a large timing difference between DL signals from two non-collocated RRHs.): 
a) Rel-17 TCI state switching delay requirements in HST FR2 scenarios from TS 38.133, Clause 8.10.3A are followed without changes.
i) No difference from Rel-17.

b) When highSpeedLargeOneStepUL-TimingFR2-r17 is enabled for HST PC 6 UE supporting [largeOneStepUL-timingFR2-r17] capability, UE shall apply the one shot large timing adjustment specified in Clause 7.1.2.3 in TS 38.133 on the first UL transmission after TCI state switch without checking the DL timing difference threshold.
i) The main difference from Rel-17 is that the DL timing difference threshold is not checked, however, DL time difference needs to be calculated in any case.

2) MAC-CE indicates “0” (UE may expect that the timing difference between DL signals from two RRHs or from the same RRH is smaller than a quarter of CP.):
a) UE follows the Rel-15 TCI state switching requirements as described in TS 38.133 Clause 8.10.3
i) PC6 UE behaviour is different from Rel-17, because UE can use coarse timing from the source TCI state with the target TCI state and no additional delay is needed.

b) Gradual timing adjustment requirements in Clause 7.1.2.1 in TS 38.133 apply to the first UL transmission after TCI state switch, i.e., one shot large UL timing adjustment is not applied.
i) PC6 UE behaviour is difference from Rel-17 because the UE does not need to evaluate DL time difference in between the source and target cells at all.

Based on the analysis above the following observation can be made:
[bookmark: _Toc149739222]Observation 3: The case when MAC-CE indicates “0” contains more significant changes to the legacy Rel-17 PC6 UE behaviour in comparison to the case “1” because in Rel-17 the possibility of large propagation delay difference was already considered, and DL time deference needs to be evaluated in any case. Moreover, in Case “1” TCI state switch delay does not need to be changed from Rel-17 either.
 
[bookmark: _Toc149739223]Observation 4: If it is agreed to keep a single case for the new MAC CE indication with the same payload as “TCI State Indication for UE-specific PDCCH MAC CE” with eLCID, then only Case “0” shall be used.
Although it seems RAN2 may have assumed slightly incorrectly which case of MAC CE coulde be replaced it does not impact RAN2 MAC CE design (assuming RAN4 can agree to remove one of the cases related to new MAC CE)
Considering this in our view this should be all we need to do in RAN2 i.e. make new TCI state switch MAC CE that indicates this state switch is cross RRH. Simplest in our view is just ”copy-paste” existing ”TCI State Indication for UE-specific PDCCH MAC CE” whose reception would indicate cross-RRH state switch. 
Proposal 2: Introduce new MAC CE that is similar to existing “TCI State Indication for UE-specific PDCCH MAC CE”
3	Conclusion
Observation 1: After receiving cross-RRH TCI state switch MAC CE UE should stop UL transmissions unless uplink timing is updated 
Proposal 1: UE shall stop timeAlignmentTimer when cross-RRH TCI state switch MAC CE is received and highSpeedLargeOneStepUL-TimingFR2-r17 is not configured but does not trigger other TAT Expiry actions but prevents UL transmissions
Observation 2: PC6 UE behaviour in Rel-18 shall stay the same as it was in Rel-17 when legacy MAC CE TCI state switch indication for PDCCH is received (i.e., as described in Rel-17 Clause 7.1.2.3 and 8.10.3A in TS 38.133).
Based on the analysis above the following observation can be made:
Observation 3: The case when MAC-CE indicates “0” contains more significant changes to the legacy Rel-17 PC6 UE behaviour in comparison to the case “1” because in Rel-17 the possibility of large propagation delay difference was already considered, and DL time deference needs to be evaluated in any case. Moreover, in Case “1” TCI state switch delay does not need to be changed from Rel-17 either.
Observation 4: If it is agreed to keep a single case for the new MAC CE indication with the same payload as “TCI State Indication for UE-specific PDCCH MAC CE” with eLCID, then only Case “0” shall be used.
Proposal 2: Introduce new MAC CE that is similar to existing “TCI State Indication for UE-specific PDCCH MAC CE”
Annex: TP
[bookmark: _Toc29239863][bookmark: _Toc37296225][bookmark: _Toc46490352][bookmark: _Toc52752047][bookmark: _Toc52796509][bookmark: _Toc131023437]5.18.1	General
This clause specifies the requirements upon reception of the following MAC CEs:
-	SP CSI-RS/CSI-IM Resource Set Activation/Deactivation MAC CE;
-	Aperiodic CSI Trigger State Subselection MAC CE;
-	TCI States Activation/Deactivation for UE-specific PDSCH MAC CE;
-	TCI State Indication for UE-specific PDCCH MAC CE;
-	Cross RRH TCI State Indication for UE-specific PDCCH;
-	SP CSI reporting on PUCCH Activation/Deactivation MAC CE;
-	SP SRS Activation/Deactivation MAC CE;
-	PUCCH spatial relation Activation/Deactivation MAC CE;
-	Enhanced PUCCH spatial relation Activation/Deactivation MAC CE;
-	SP ZP CSI-RS Resource Set Activation/Deactivation MAC CE;
-	Recommended Bit Rate MAC CE;
-	Enhanced SP/AP SRS Spatial Relation Indication MAC CE;
-	SRS Pathloss Reference RS Update MAC CE;
-	PUSCH Pathloss Reference RS Update MAC CE;
-	Serving Cell set based SRS Spatial Relation Indication MAC CE;
-	SP Positioning SRS Activation/Deactivation MAC CE;
-	Timing Delta MAC CE;
-	Guard Symbols MAC CEs;
-	Positioning Measurement Gap Activation/Deactivation Command MAC CE;
-	PPW Activation/Deactivation Command MAC CE;
-	PUCCH spatial relation Activation/Deactivation for multiple TRP PUCCH repetition MAC CE;
-	PUCCH Power Control Set Update for multiple TRP PUCCH repetition MAC CE;
-	Unified TCI States Activation/Deactivation for UE-specific PDSCH MAC CE;
-	Differential Koffset MAC CE;
-	Case-7 Timing advance offset MAC CE;
-	DL TX Power Adjustment MAC CE;
-	Child IAB-DU Restricted Beam Indication MAC CE;
-	Timing Case Indication MAC CE.
---------------------- NEXT MODIFIED SECTION----------------------
[bookmark: _Toc46490356][bookmark: _Toc52752051][bookmark: _Toc52796513][bookmark: _Toc131023441]5.18.5	Indication of TCI state for UE-specific PDCCH
The network may indicate a TCI state for PDCCH reception for a CORESET of a Serving Cell or a set of Serving Cells configured in simultaneousTCI-UpdateList1 or simultaneousTCI-UpdateList2 by sending the TCI State Indication for UE-specific PDCCH MAC CE described in clause 6.1.3.15 or cross-RRH UE-specific PDCCH MAC CE described in clause 6.1.3.XX. The network may also indicate two TCI states for PDCCH reception for a CORESET of a Serving Cell or a set of Serving Cells configured in simultaneousTCI-UpdateList1 or simultaneousTCI-UpdateList2 by sending the Enhanced TCI States Indication for UE-specific PDCCH MAC CE described in clause 6.1.3.44.
The MAC entity shall:
1>	if the MAC entity receives a TCI State Indication for UE-specific PDCCH MAC CE or  Cross RRH TCI State Indication for UE-specific PDCCH MAC CE on a Serving Cell:
2>	indicate to lower layers the information regarding the TCI State Indication for UE-specific PDCCH MAC CE or  Cross RRH TCI State Indication for UE-specific PDCCH MAC CE.
[bookmark: _Hlk100272905]1>	if the MAC entity receives an Enhanced TCI States Indication for UE-specific PDCCH MAC CE on a Serving Cell:
2>	indicate to lower layers the information regarding the Enhanced TCI States Indication for UE-specific PDCCH MAC CE.
5.18.5a	Cross RRH Indication of TCI state for UE-specific PDCCH
In addition to UE behaviour described in 5.18.5: 
The MAC entity shall:
1> stop timeAlignmentTimer associated with the TAG where TCI state MAC CE was received and not perform any uplink transmission on the Serving Cells of associated with TAG;
1> allow uplink transmission once UE receives a Timing Advance Command;

---------------------- NEXT MODIFIED SECTION----------------------
[bookmark: _Toc29239893][bookmark: _Toc37296292][bookmark: _Toc46490423][bookmark: _Toc52752118][bookmark: _Toc52796580][bookmark: _Toc131023541]6.1.3.XX	Cross RRH TCI State Indication for UE-specific PDCCH MAC CE
The Cross RRH TCI State Indication for UE-specific PDCCH MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-1.  And it has exactly same contents as UE-specific PDCCH MAC CE described in clause 6.1.3.15. 
---------------------- NEXT MODIFIED SECTION----------------------
[bookmark: _Toc37296318][bookmark: _Toc46490449][bookmark: _Toc52752144][bookmark: _Toc52796606][bookmark: _Toc131023596]6.2	Formats and parameters
[bookmark: _Toc29239902][bookmark: _Toc37296319][bookmark: _Toc46490450][bookmark: _Toc52752145][bookmark: _Toc52796607][bookmark: _Toc131023597]6.2.1	MAC subheader for DL-SCH and UL-SCH
The MAC subheader consists of the following fields:
[bookmark: _Hlk97830562]-	LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC CE or padding as described in Tables 6.2.1-1, 6.2.1-1c and 6.2.1-2 for the DL-SCH and UL-SCH respectively. There is one LCID field per MAC subheader. The size of the LCID field is 6 bits. If the LCID field is set to 34, one additional octet is present in the MAC subheader containing the eLCID field and follow the octet containing LCID field. If the LCID field is set to 33, two additional octets are present in the MAC subheader containing the eLCID field and these two additional octets follow the octet containing LCID field;
NOTE 1:	For MBS broadcast, a logical channel is identified based on G-RNTI and LCID if the same LCID is allocated for logical channels corresponding to different G-RNTIs.
-	eLCID: The extended Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC CE as described in tables 6.2.1-1a, 6.2.1-1b, 6.2.1-2a and 6.2.1-2b for the DL-SCH and UL-SCH respectively. The size of the eLCID field is either 8 bits or 16 bits.
NOTE 2:	The extended Logical Channel ID space using two-octet eLCID and the relevant MAC subheader format is used, only when configured, on the NR backhaul links between IAB nodes or between IAB node and IAB Donor, or for multicast MTCHs.
-	L: The Length field indicates the length of the corresponding MAC SDU or variable-sized MAC CE in bytes. There is one L field per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs, padding, and MAC SDUs containing UL CCCH. The size of the L field is indicated by the F field;
-	F: The Format field indicates the size of the Length field. There is one F field per MAC subheader except for subheaders corresponding to fixed-sized MAC Ces, padding, and MAC SDUs containing UL CCCH. The size of the F field is 1 bit. The value 0 indicates 8 bits of the Length field. The value 1 indicates 16 bits of the Length field;
-	R: Reserved bit, set to 0.
The MAC subheader is octet aligned.
Table 6.2.1-1 Values of LCID for DL-SCH
	Codepoint/Index
	LCID values

	0
	CCCH

	1–32
	Identity of the logical channel of DCCH, DTCH and multicast MTCH

	33
	Extended logical channel ID field (two-octet eLCID field)

	34
	Extended logical channel ID field (one-octet eLCID field)

	35–46
	Reserved

	47
	Recommended bit rate

	48
	SP ZP CSI-RS Resource Set Activation/Deactivation

	49
	PUCCH spatial relation Activation/Deactivation

	50
	SP SRS Activation/Deactivation 

	51
	SP CSI reporting on PUCCH Activation/Deactivation

	52
	TCI State Indication for UE-specific PDCCH

	53
	TCI States Activation/Deactivation for UE-specific PDSCH

	54
	Aperiodic CSI Trigger State Subselection

	55
	SP CSI-RS/CSI-IM Resource Set Activation/Deactivation

	56
	Duplication Activation/Deactivation

	57
	Scell Activation/Deactivation (four octets)

	58
	Scell Activation/Deactivation (one octet)

	59
	Long DRX Command

	60
	DRX Command

	61
	Timing Advance Command

	62
	UE Contention Resolution Identity

	63
	Padding



Table 6.2.1-1a Values of two-octet eLCID for DL-SCH
	Codepoint
	Index
	LCID values

	0 to (216 – 1)
	320 to (216 + 319)
	Identity of the logical channel



Table 6.2.1-1b Values of one-octet eLCID for DL-SCH
	Codepoint
	Index
	LCID values

	0 to 226
	64 to 290
	Reserved

	227
	291
	Serving Cell Set based SRS TCI State Indication MAC CE

	228
	292
	SP/AP SRS TCI State Indication MAC CE

	229
	293
	BFD-RS Indication MAC CE

	230
	294
	Differential Koffset

	231
	295
	Enhanced Scell Activation/Deactivation MAC CE with one octet Ci field

	232
	296
	Enhanced Scell Activation/Deactivation MAC CE with four octet Ci field 

	233
	297
	Unified TCI States Activation/Deactivation MAC CE

	234
	298
	PUCCH Power Control Set Update for multiple TRP PUCCH repetition MAC CE

	235
	299
	PUCCH spatial relation Activation/Deactivation for multiple TRP PUCCH repetition MAC CE

	236
	300
	Enhanced TCI States Indication for UE-specific PDCCH

	237
	301
	Positioning Measurement Gap Activation/Deactivation Command

	238
	302
	PPW Activation/Deactivation Command

	239
	303
	DL Tx Power Adjustment

	240
	304
	Timing Case Indication

	241
	305
	Child IAB-DU Restricted Beam Indication

	242
	306
	Case-7 Timing advance offset

	243
	307
	Provided Guard Symbols for Case-6 timing

	244
	308
	Provided Guard Symbols for Case-7 timing

	245
	309
	Serving Cell Set based SRS Spatial Relation Indication

	246
	310
	PUSCH Pathloss Reference RS Update

	247
	311
	SRS Pathloss Reference RS Update

	248
	312
	Enhanced SP/AP SRS Spatial Relation Indication

	249
	313
	Enhanced PUCCH Spatial Relation Activation/Deactivation

	250
	314
	Enhanced TCI States Activation/Deactivation for UE-specific PDSCH

	251
	315
	Duplication RLC Activation/Deactivation

	252
	316
	Absolute Timing Advance Command

	253
	317
	SP Positioning SRS Activation/Deactivation

	254
	318
	Provided Guard Symbols

	255
	319
	Timing Delta

	256
	320
	Cross RRH TCI State Indication for UE-specific PDCCH



Table 6.2.1-1c Values of LCID for MBS broadcast on DL-SCH
	Codepoint/Index
	LCID values

	0
	MCCH

	1–32
	Identity of the logical channel of broadcast MTCH

	33–63
	Reserved



Table 6.2.1-2 Values of LCID for UL-SCH
	Codepoint/Index
	LCID values

	0
	CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5]), except for a RedCap UE

	1–32
	Identity of the logical channel of DCCH and DTCH

	33
	Extended logical channel ID field (two-octet eLCID field)

	34
	Extended logical channel ID field (one-octet eLCID field)

	35
	CCCH of size 48 bits (referred to as "CCCH" in TS 38.331 [5]) for a RedCap UE 

	36
	CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5]) for a RedCap UE

	37–42
	Reserved

	43
	Truncated Enhanced BFR (one octet Ci)

	44
	Timing Advance Report

	45
	Truncated Sidelink BSR

	46
	Sidelink BSR

	47
	Reserved

	48
	LBT failure (four octets)

	49
	LBT failure (one octet)

	50
	BFR (one octet Ci)

	51
	Truncated BFR (one octet Ci)

	52
	CCCH of size 48 bits (referred to as "CCCH" in TS 38.331 [5]), except for a RedCap UE

	53
	Recommended bit rate query

	54
	Multiple Entry PHR (four octets Ci)

	55
	Configured Grant Confirmation

	56
	Multiple Entry PHR (one octet Ci)

	57
	Single Entry PHR

	58
	C-RNTI

	59
	Short Truncated BSR

	60
	Long Truncated BSR

	61
	Short BSR

	62
	Long BSR

	63
	Padding



[bookmark: _Toc12718157]Table 6.2.1-2a Values of two-octet eLCID for UL-SCH
	Codepoint
	Index
	LCID values

	0 to (216 – 1)
	320 to (216 + 319)
	Identity of the logical channel



Table 6.2.1-2b Values of one-octet eLCID for UL-SCH
	Codepoint
	Index
	LCID values

	0 to 228
	64 to 292
	Reserved

	229
	293
	Enhanced Multiple Entry PHR for multiple TRP (four octets Ci)

	230
	294
	Enhanced Multiple Entry PHR for multiple TRP (one octets Ci)

	231
	295
	Enhanced Single Entry PHR for multiple TRP

	232
	296
	Enhanced Multiple Entry PHR (four octets Ci)

	233
	297
	Enhanced Multiple Entry PHR (one octets Ci)

	234
	298
	Enhanced Single Entry PHR

	235
	299
	Enhanced BFR (one octet Ci)

	236
	300
	Enhanced BFR (four octet Ci)

	237
	301
	Truncated Enhanced BFR (four octet Ci)

	238
	302
	Positioning Measurement Gap Activation/Deactivation Request

	239
	303
	IAB-MT Recommended Beam Indication

	240
	304
	Desired IAB-MT PSD range

	241
	305
	Desired DL Tx Power Adjustment

	242
	306
	Case-6 Timing Request

	243
	307
	Desired Guard Symbols for Case 6 timing

	244
	308
	Desired Guard Symbols for Case 7 timing

	245
	309
	Extended Short Truncated BSR

	246
	310
	Extended Long Truncated BSR

	247
	311
	Extended Short BSR

	248
	312
	Extended Long BSR

	249
	313
	Extended Pre-emptive BSR

	250
	314
	BFR (four octets Ci)

	251
	315
	Truncated BFR (four octets Ci)

	252
	316
	Multiple Entry Configured Grant Confirmation

	253
	317
	Sidelink Configured Grant Confirmation

	254
	318
	Desired Guard Symbols

	255
	319
	Pre-emptive BSR
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