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1. Introduction
In the Rel-18 MIMO WID [1], one of the objectives with RAN2 impact is the following:
	2. Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework.


RAN1 have already made a number of agreements on extension of unified TCI framework for mTRP. Based on RAN1 agreements, RAN2 discussed the MAC CE design of unified TCI framework for mTRP. In this contribution, we further discuss the RAN2 impacts taking into account RAN1 agreements.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 MAC
2.1.1 sDCI mTRP
In sDCI mTRP operation, RAN2 agreed the following agreements for this MAC CE:
	RAN2 #122
For sDCI based mTRP operation using unified TCI state framework, introduce the new MAC CE, with the following high level design principles:
·  If the signaling type of the unified TCI state configuration is configured by RRC (i.e. either joint DL/UL TCI state or separate DL/UL TCI state), it applies to both TRP (i.e., as configured by RRC for both TRPs).
The following information can be indicated by the MAC CE (for joint DL/UL TCI mode):
· if the unified TCI state is for one of the TRPs (i.e., 1st or 2nd) or for both TRPs,
· if  the indicated TCI codepoint consists of one TCI state, whether the indicated TCI state(s) is for the first or second TRP(s)
FFS for the separate DL/UL TCI mode.

RAN2 #123
The following information can be indicated by the MAC CE (for separate DL/UL TCI mode):
· if the unified TCI state is for one of the TRPs (i.e., 1st or 2nd) or for both TRPs,
· if the indicated TCI codepoint consists of one TCI state, whether the indicated TCI state(s) is for the first or second TRP(s)
· if the unified TCI codepoint is for all, or sub-set of {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state}

RAN2 #123bis
RAN2 confirm that separate MAC CEs on the enhanced unified TCI state for Single-DCI based multi-TRP operation are introduced for joint TCI State and separate DL/UL TCI States, respectively. 
The current running CR for MAC spec is used as the base line. Details can be further discussed. 


In RAN2 #123bis meeting, RAN2 agreed to introduce two MAC CEs for joint TCI mode and separate TCI mode, respectively. In the MAC running CR, for the joint TCI mode, two-octet Fi,j field is introduced to indicate the mapping between TCI codepoint in DCI and TCI states in the MAC CE. For the separate TCI mode, four octets (Fi,j and Si,j) are introduced for the mapping between TCI codepoint in DCI and TCI states in the MAC CE. 
	MAC Running CR: 6.1.3.YY	Enhanced Unified TCI States Activation/Deactivation MAC CE for Separate TCI States
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For the separate TCI mode, the format design of the current running CR does not use the first bit of the TCI state ID octet to indicate the TCI state type (UL or DL). If the first bit of the TCI state ID octet is used to indicate the TCI state type, three octets are enough for the 8 TCI codepoints. Therefore, if the TCI state type (DL or UL) and TCI state ID are in the same octet, the MAC CE payload can be reduced by one octet.
Observation 1: By using the first bit of the TCI state ID octet to indicate TCI state type, only 3 octets are needed to indicate the number of TCI state of each TRP for the 8 TCI codepoints.
Proposal 1: For sDCI mTRP operation, for separate TCI mode, reuse the Rel-17 mechanism to indicate TCI state type (DL or UL) and TCI state ID, i.e. the type and ID of a TCI state are indicated in the same octet.
We provide a design that minimizes the MAC CE size:
-	the type and ID of each TCI state are indicated in the same octet similarly to the Rel-17 MAC CE.
-	the 1-bit Pi field of the Rel-17 MAC CE is extended to 3 bits, to indicate the number of activated TCI states of each TRP:
-	000: TCI codepoint i is mapped to one TCI state of the first TRP;
-	001: TCI codepoint i is mapped to one TCI state of the second TRP;
-	010: TCI codepoint i is mapped to two TCI states of the first TRP;
-	011: TCI codepoint i is mapped to two TCI states of the second TRP;
-	100: TCI codepoint i is mapped to one TCI state of the first TRP and one TCI state of the second TRP;
-	101: TCI codepoint i is mapped to one TCI state of the first TRP and two TCI states of the second TRP;
-	110: TCI codepoint i is mapped to two TCI states of the first TRP and one TCI state of the second TRP;
-	111: TCI codepoint i is mapped to two TCI states of the first TRP and two TCI states of the second TRP;
-	when a TCI codepoint is mapped to TCI states of both TRPs, the TCI state(s) of the first TRP is/are included before the TCI state(s) of the second TRP.
	Proposed MAC CE format which follow the principle of Rel-17 MAC CE and minimize the payload
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Compared to the example in the MAC running CR, the proposed design:
-	reuses the legacy design: the only change is to extend the Pi field from 1 to 3 bits, all the other parts are reused.
-	minimizes the MAC CE size (saves one octet).
Proposal 2: For sDCI mTRP operation, for separate TCI mode, adopt the following MAC CE design which maximally reuses the legacy mechanism and minimizes the MAC CE size:
-	type (DL/UL) and ID of each TCI state are indicated in the same octet.
-	for each TCI codepoint i, a 3-bit field Pi is used to indicate one of the following cases:
-	000: TCI codepoint i is mapped to one TCI state of the first TRP;
-	001: TCI codepoint i is mapped to one TCI state of the second TRP;
-	010: TCI codepoint i is mapped to two TCI states of the first TRP;
-	011: TCI codepoint i is mapped to two TCI states of the second TRP;
-	100: TCI codepoint i is a mapped to one TCI state of the first TRP and one TCI state of the second TRP;
-	101: TCI codepoint i is mapped to one TCI state of the first TRP and two TCI states of the second TRP;
-	110: TCI codepoint i is mapped to two TCI states of the first TRP and one TCI state of the second TRP;
-	111: TCI codepoint i is mapped to two TCI states of the first TRP and two TCI states of the second TRP;
-	when a TCI codepoint is mapped to TCI states of both TRPs, the TCI state(s) of the first TRP is/are included before the TCI state(s) of the second TRP.
2.2 RRC
2.2.1 applyIndicatedTCIState-r18 in PDCCH-ConfigCommon
In the RRC parameter list [2], RAN1 introduced a new RRC parameter applyIndicatedTCIState-r18 located in PDCCH-ConfigCommon. According to the RAN1 description, it applies to the PDCCH reception for CORESET 0, and the value range is different when CORESET 0 is associated with different type of search spaces.
		RAN2 Parent IE
	Parameter name in the spec
	Description
	Value range

	PDCCH-ConfigCommon
	applyIndicatedTCIState-r18
	Based on the following agreement (RAN1#113):
…
- For a CORESET with index 0:
o If the CORESET is associated with SS#0 for Type 0/0A/2 CSS sets, the CORESET is configured by RRC to apply the first one, the second one, or none of the indicated joint/DL TCI state to PDCCH reception on the CORESET
o Otherwise, the CORESET is configured by RRC to apply the first one, the second one, both, or none of the indicated joint/DL TCI states to PDCCH reception on the CORESET
	{the first, the second, both, none}






However, the current RRC running CR did not capture that this field is specific to CORESET 0, which may cause misunderstanding. So we propose to clarify for the field description of applyIndicatedTCIState-r18 in PDCCH-ConfigCommon.
Proposal 3: Clarify that the applyIndicatedTCIState-r18 in PDCCH-ConfigCommon is specific to CORESET 0, and the value range is:
{first, second, none}, when the CORESET 0 is associated with SS#0 for Type 0/0A/2 CSS sets
{first, second, both, none}, otherwise.

2.2.2 applyIndicatedTCIState-r18 in PUCCH resource
RAN1 agreed that applyIndicatedTCIState-r18 is configured per PUCCH resource or per PUCCH resource group. In RAN2 #123bis meeting, RAN2 agreed only to introduce the applyIndicatedTCIState-r18 per PUCCH resource and not to introduce it per PUCCH resource group. The main motivation is to avoid configuration mismatch, e.g., to avoid the case when configuring the first indicated TCI state for a PUCCH resource and configuring the second indicated TCI state for a PUCCH resource group which includes that PUCCH resource.
	RAN2 #123bis
Proposal 2 Configure the parameter applyIndicatedTCIState-r18 per PUCCH resource and not additionally to PUCCH groups
P2, P4-7, P9-P10 are taken as baseline for further stage 3 specification development. 


According to the feedback of RAN1 colleagues, this may have impact to RAN1 specification description. In order to avoid the potential mismatch between RAN1 and RAN2, RAN2 should inform the above agreement to RAN1, and ask RAN1 to check this agreement.
Proposal 4: Send an LS to RAN1 to inform that RAN2 decided to configure applyIndicatedTCIState-r18 per PUCCH resource and not additionally to PUCCH groups.
2.2.3 applyIndicatedTCIStateDCI-1-0-r18 in BWP-DownlinkDedicated
In the current RRC running CR, applyIndicatedTCIStateDCI-1-0-r18 is introduced in BWP-DownlinkDedicated to indicate whether the first, second, or both of the indicated joint/DL TCI states is/are applied to PDSCH reception scheduled/activated by DCI format 1_0. However, after checking RAN1 agreements, RAN1 introduced a default value for applyIndicatedTCIStateDCI-1-0-r18, and this is not informed to RAN2, as extracted below:
	RAN1 #113
Agreement
On unified TCI framework extension for S-DCI based MTRP, support the following:
· Using RRC configuration to indicate whether the first, second, or both of the indicated joint/DL TCI states is/are applied to PDSCH reception scheduled/activated by DCI format 1_0 
· If not configured, the first indicated joint/DL TCI state is applied
· Only when the UE is configured with PDSCH-CJT and the UE supports two joint TCI states for PDSCH-CJT or the UE is configured with PDSCH-SFN, the RRC configuration can indicate both indicated joint/DL TCI states are applied.
· For PDSCH-CJT and PDSCH-SFN, if the RRC configuration indicates both indicated joint/DL TCI states are applied, the UE shall apply both indicated joint/DL TCI states to PDSCH reception scheduled/activated by DCI format 1_0 on a search space other than Type0/0A/2 CSS on CORESET#0 (FFS: Other search space and/or CORESETs)



To align with RAN1 agreement, RAN2 can clarify that in sDCI mTRP case, when applyIndicatedTCIStateDCI-1-0-r18 is not configured, the UE applies the first indicated joint/DL TCI state for PDSCH reception scheduled/activated by DCI format 1_0.
Proposal 5: Capture that in sDCI mTRP case, when applyIndicatedTCIStateDCI-1-0-r18 is not configured, the UE applies the first indicated joint/DL TCI state for PDSCH reception scheduled/activated by DCI format 1_0.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
[bookmark: OLE_LINK7]Based on the discussion in this contribution, we have the following proposals:
Proposal 1: For sDCI mTRP operation, for separate TCI mode, reuse the Rel-17 mechanism to indicate TCI state type (DL or UL) and TCI state ID, i.e. the type and ID of a TCI state are indicated in the same octet.
Proposal 2: For sDCI mTRP operation, for separate TCI mode, adopt the following MAC CE design which maximally reuses the legacy mechanism and minimizes the MAC CE size:
-	type (DL/UL) and ID of each TCI state are indicated in the same octet.
-	for each TCI codepoint i, a 3-bit field Pi is used to indicate one of the following cases:
-	000: TCI codepoint i is mapped to one TCI state of the first TRP;
-	001: TCI codepoint i is mapped to one TCI state of the second TRP;
-	010: TCI codepoint i is mapped to two TCI states of the first TRP;
-	011: TCI codepoint i is mapped to two TCI states of the second TRP;
-	100: TCI codepoint i is a mapped to one TCI state of the first TRP and one TCI state of the second TRP;
-	101: TCI codepoint i is mapped to one TCI state of the first TRP and two TCI states of the second TRP;
-	110: TCI codepoint i is mapped to two TCI states of the first TRP and one TCI state of the second TRP;
-	111: TCI codepoint i is mapped to two TCI states of the first TRP and two TCI states of the second TRP;
-	when a TCI codepoint is mapped to TCI states of both TRPs, the TCI state(s) of the first TRP is/are included before the TCI state(s) of the second TRP.
Proposal 3: Clarify that the applyIndicatedTCIState-r18 in PDCCH-ConfigCommon is specific to CORESET 0, and the value range is:
{first, second, none}, when the CORESET 0 is associated with SS#0 for Type 0/0A/2 CSS sets
{first, second, both, none}, otherwise.
Proposal 4: Send an LS to RAN1 to inform that RAN2 decided to configure applyIndicatedTCIState-r18 per PUCCH resource and not additionally to PUCCH groups.
Proposal 5: Capture that in sDCI mTRP case, when applyIndicatedTCIStateDCI-1-0-r18 is not configured, the UE applies the first indicated joint/DL TCI state for PDSCH reception scheduled/activated by DCI format 1_0.
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