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[bookmark: _Ref165266342]Introduction
According to the RAN1 LS on the support of SFN-based PDCCH, RAN1 asks RAN2 to define a MAC CE based on the following RAN1 agreements:
	Agreement
· Support MAC CE activation of two TCI states for PDCCH
· FFS other details

Agreement
· Introduce enhanced MAC CE signaling for PDCCH activating two TCI states for SFN-based PDCCH transmission
· The corresponding MAC CE includes at least the following fields 
· Serving cell ID
· CORESET ID
· Two TCI state IDs
· FFS whether for CA scenario additionally support RRC configured set of the serving cells which can be addressed by a single MAC CE
· FFS whether or not enhanced MAC CE signaling is applicable to a CORESET configured with CORESETPoolindex


In this contributions, we provide the text proposal for the design of the “Enhanced TCI State Indication for UE-specific PDCCH MAC CE”.
Discussion
Enhanced TCI State Indication for UE-specific PDCCH MAC CE
According to the current MAC specification [2], the “TCI State Indication for UE-specific PDCCH MAC CE” is used to indicate one TCI state for a specific CORESET. The CORESET ID and the TCI state ID is unique per cell. Then we could have the following two ways to indicate two TCI states for a CORESET (i.e. the SFN-based PDCCH):
· Option 1 (2 legacy MAC CEs): Reuse the legacy TCI State Indication for UE-specific PDCCH MAC CE. The Two TCI State Indication for UE-specific PDCCH MAC CE(s) included in the same MAC PDU indicates that two TCI states are used for a CORESET.
· Option 2 (One legacy MAC CE + one new MAC CE): Define a new MAC CE (i.e. using a new LCID) indicating one extra TCI state for a CORESET. Then another TCI state for the same CORESET is indicated by the legacy TCI State Indication for UE-specific PDCCH MAC CE.
· Option 3 (One new MAC CE)
· Option 3.1: Define a new MAC CE indicating two TCI states for a CORESET
· Option 3.2: Define a new MAC CE indicating either one or two TCI states for a CORESET
[bookmark: _GoBack]For Option 1, RAN2 does not need to define an extra MAC CE to indicate two TCI states for a CORESET, but requires the gNB to send the two MAC CEs in the same MAC PDU. Option 2 can use the legacy MAC CE and a new MAC CE to indicate the two TCI states of a CORESET. Compared with Option 3, both Option 1 and Option 2 would require more signalling overheads. For Option 3.2, the legacy MAC CE does not need to be sent when the new MAC CE is used, as the new MAC CE can be used for either one or two TCI states for a CORESET. However as the UE does not know which MAC CE is sent by the gNB, then the UE would still need to support both the legacy and the new MAC CE(s). Then the extra flexibility/complexity of allowing the indication of either one or two TCI states for a CORESET in one MAC CE seems not necessary. Thus, Option 3.1 is preferred.
Proposal 1: A new MAC CE is defined to indicate two TCI states for a CORESET.
When the legacy “TCI State Indication for UE-specific PDCCH MAC CE” is indicated after the reception of the “Enhanced TCI State Indication for UE-specific PDCCH MAC CE”, the UE should fall back to the legacy operation, namely only one TCI state used for the PDCCH. Then we do not have to define extra UE behaviours regarding the cooperation (e.g. using the legacy MAC CE to update one of the two TCI states indicated in the new MAC CE) between the two MAC CEs.
Proposal 2: When the legacy “TCI State Indication for UE-specific PDCCH MAC CE” is indicated after the reception of the “Enhanced TCI State Indication for UE-specific PDCCH MAC CE”, the UE falls back to one TCI state for the PDCCH
According to the current MAC specification [2], there are three types of LCIDs which can be used for the MAC CE, namely 6-bits LCID, one-octet eLCID and two octet eLCID. As only 12 code points are reserved for the 6-bits LCID and the new MAC CE is not expected to be sent frequently, we consider that the one-octet eLCID can be used for the new MAC CE. 
Proposal 3: One value of one-octet eLCID is used for the new MAC CE.
Regarding the maximum number of TCI states which can be configured for the CORESET, the RRC specification supports two different configurations for the maximum numbers of the TCI states of a CORESET:
· Up-to 64 TCI states can be configured for a CORESET (i.e. tci-StatesPDCCH-ToAddList) other than CORESET zero.
· The first 64 TCI states (i.e. tci-StatesToAddModList in the PDSCH-Config) of PDSCH can be applied for CORESET zero.
As such RAN1 should clarify which CORESET can be indicated with two TCI states and provide the maximum number of the TCI states which can be configured for the CORESET.
Proposal 4: RAN2 is kindly requested to ask the following clarification questions to RAN1:
· Q1: Which CORESET can be indicated with two TCI states?
· Q2: How many TCI states (i.e. maximum number) can be configured for the CORESET indicated with two TCI states? 
According to the analysis given above, a text proposal giving the design of the new MAC CE is provided in the Annex.
Proposal 5: RAN2 is kindly requested to consider the text proposal given in the Annex as the baseline for the Enhanced TCI State Indication for UE-specific PDCCH MAC CE 
Conclusions
According to the analysis given above, we have the following observations and proposals:
Proposal 1: A new MAC CE is defined to indicate two TCI states for a CORESET.
Proposal 2: When the legacy “TCI State Indication for UE-specific PDCCH MAC CE” is indicated after the reception of the “Enhanced TCI State Indication for UE-specific PDCCH MAC CE”, the UE falls back to one TCI state for the PDCCH
Proposal 3: One value of one-octet eLCID is used for the new MAC CE.
Proposal 4: RAN2 is kindly requested to ask the following clarification questions to RAN1:
· Q1: Which CORESET can be indicated with two TCI states?
· Q2: How many TCI states (i.e. maximum number) can be configured for the CORESET indicated with two TCI states? 
Proposal 5: RAN2 is kindly requested to consider the text proposal given in the Annex as the baseline for the Enhanced TCI State Indication for UE-specific PDCCH MAC CE 
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Annex A: Enhanced TCI State Indication for UE-specific PDCCH MAC CE

----------------------------------------------------Start of Change--------------------------------------------------------
[bookmark: _Toc29239863][bookmark: _Toc37296225][bookmark: _Toc46490352][bookmark: _Toc52752047][bookmark: _Toc52796509][bookmark: _Toc60791788]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;
-	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.;
-	Enhanced TCI State Indication for UE-specific PDCCH MAC CE.
----------------------------------------------------Next change--------------------------------------------------------
[bookmark: _Toc46490356][bookmark: _Toc52752051][bookmark: _Toc52796513][bookmark: _Toc60791792]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. The network may also indicate two TCI states for PDCCH reception for a CORESET of a Serving Cell by sending the Enhanced TCI State Indication for UE-specific PDCCH MAC CE described in clause 6.1.3.x.
The MAC entity shall:
1>	if the MAC entity receives a 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.
1>	if the MAC entity receives an Enhanced TCI State Indication for UE-specific PDCCH MAC CE on a Serving Cell:
2>	indicate to lower layers the information regarding the Enhanced TCI State Indication for UE-specific PDCCH MAC CE.

----------------------------------------------------Next change--------------------------------------------------------

[bookmark: _Toc29239893][bookmark: _Toc37296292][bookmark: _Toc46490423][bookmark: _Toc52752118][bookmark: _Toc52796580][bookmark: _Toc60791859]6.1.3.x	Enhanced TCI State Indication for UE-specific PDCCH MAC CE
The Enhanced TCI State Indication for UE-specific PDCCH MAC CE is identified by a MAC subheader with eLCID as specified in Table 6.2.1-1. It has a fixed size of 16 bits with following fields:
-	Serving Cell ID: This field indicates the identity of the Serving Cell for which the MAC CE applies. The length of the field is 5 bits;
Editor’s NOTE: FFS whether the MAC CE can be applied to a set of serving cells.
-	CORESET ID: This field indicates a Control Resource Set identified with ControlResourceSetId as specified in TS 38.331 [5], for which the TCI State is being indicated. In case the value of the field is 0, the field refers to the Control Resource Set configured by controlResourceSetZero as specified in TS 38.331 [5]. The length of the field is 4 bits;
Editor’s NOTE: FFS whether the MAC CE can be applied to CORESET zero.
-	TCI State ID: This field indicates the TCI state identified by TCI-StateId as specified in TS 38.331 [5] applicable to the Control Resource Set identified by CORESET ID field. If the field of CORESET ID is set to 0, this field indicates a TCI-StateId for a TCI state of the first 64 TCI-states configured by tci-StatesToAddModList and tci-StatesToReleaseList in the PDSCH-Config in the active BWP. If the field of CORESET ID is set to the other value than 0, this field indicates a TCI-StateId configured by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList in the controlResourceSet identified by the indicated CORESET ID. The length of the field is 7 bits.
Editor’s NOTE: FFS how many TCI state can be configured for the CORESET.


Figure 6.1.3.x-1: Enhanced TCI State Indication for UE-specific PDCCH MAC CE


----------------------------------------------------Next change--------------------------------------------------------
[bookmark: _Toc29239902][bookmark: _Toc37296319][bookmark: _Toc46490450][bookmark: _Toc52752145][bookmark: _Toc52796607][bookmark: _Toc60791886]6.2.1	MAC subheader for DL-SCH and UL-SCH
The MAC subheader consists of the following fields:
-	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 and 6.2.1-2 for the DL-SCH and UL-SCH respectively. There is one LCID field per MAC subheader. The LCID field size 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;
-	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:	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.
-	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

	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 244243
	64 to 308307
	Reserved

	244
	308
	Enhanced TCI State Indication for UE-specific PDCCH

	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



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])

	1–32
	Identity of the logical channel

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

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

	35–44
	Reserved

	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])

	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 249
	64 to 313
	Reserved

	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





----------------------------------------------------End of Change--------------------------------------------------------
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