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1 Introduction
Based on RAN1#96 LS [1], RAN1 will support the enhancemnet of multi-TRP/panel transmission enhancement in Rel 16.

	For multi-TRP/panel transmission, both multiple PDCCH and single PDCCH designs are supported in Rel-16
· Applies for eMBB

For multiple PDCCH based multi-TRP/panel transmission, 
· The total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to 2 and also the total number of MIMO layers of scheduled PDSCHs is up to reported UE MIMO capability, if resource allocation of PDSCHs are overlapped.
· To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs. One CORESET in a “PDCCH-config” corresponds to one TRP.
· Separate ACK/NACK payload/feedback for received PDSCHs is supported. For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, PUCCH resources conveying ACK/NACK feedback can be TDM with separated HARQ-ACK codebook. 

For single PDCCH based multi-TRP/panel transmission, 
· TCI indication framework shall be enhanced in Rel-16 at least for eMBB. Each TCI code point in a DCI can correspond to 1 or 2 TCI states. When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 and FFS design for DMRS type 2. MAC-CE can be enhanced to map one or two TCI states for a TCI code point where further detailed design is determined in RAN2.





Currently, in Rel-15, each TCI code point is mapped to at most one TCI state, and the mapping is signalled by the network as a DL MAC CE (as described in subclause 6.1.3.14 of TS 38.321). In this paper, we consider the MAC CE ehancemennt to map one DCI code point to 1 or 2 TCI state.
2 Discussion

There are two ways to implement the enhanced MAC CE:
· First, modify/extend the existing MAC CE in subclause 6.1.3.14 to support 1 codepoint mapped to 2 TCI state
· Second, apply a new MAC CE which supports each DCI state mapped to 1 or 2 TCI state
Since current reserved LCID is still sufficient, we prefer not to change the existing MAC CE format in subclause 6.1.3.14, which would be good for backward compatibility. 

Proposal 1: Introduce a new MAC CE to indicate TCI states for multiple TRP. 

There are two ways to implement the new MAC CE:
· Option 1: the new MAC CE explicitly indicates 1 or 2 TCI states for each DCI codepoint. [2]
· If two TCI states are indicated for a codepoint, the two TCI states are provided for different TRP (different CDM groups).
· Option 2:, the new MAC CE is used to explicitly indicate the TCI state for each DCI codepoint on the second TRP.
· That is, the TCI state of the first TRP is indicated by the MAC CE in subclause 6.1.3.14, while the TCI state for the second TRP is indicated by the new MAC CE.
We can see that for option 2, the TCI state of the first TRP and the second TRP can be separately activated and deactivated via separate MAC CE signaling. In contrast, for option 1, if there is a TCI state change on TRP 2 only, network still needs to signal the TCI state of TRP 1 together in the new MAC CE even if there is no change to the TCI state of TRP 1 at all (otherwise, UE will consider all the TCI state on TRP 1 as deactivated). So, approach 2 seems to have slightly less signaling overhead.

Observation: Signaling overhead to update the change of TCI state can be reduced if the new MAC CE is only used for activating/deactivating the TCI state on the second TRP.

Proposal 2: The new MAC CE is applied to activate/deactivate the TCI states for the second TRP only. The TCI states of the fist TRP is indicated by the existing MAC CE specified in subclause 6.1.3.14.

An exemplary CR text is provided in the Annex.

3 Conclusion 
Based on the observations:

Observation: Signaling overhead to update the change of TCI state can be reduced if the new MAC CE is only used for activating/deactivating the TCI state on the second TRP.


We propose:

Proposal 1: Introduce a new MAC CE to indicate TCI states for multiple TRP. 
Proposal 2: The new MAC CE is applied to activate/deactivate the TCI states for the second TRP only. The TCI states of the fist TRP is indicated by the existing MAC CE specified in subclause 6.1.3.14.
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[bookmark: _Toc534933471]5.18.xx	Activation of the second UE-specific PDSCH TCI state
The network may activate the second TCI state for a DCI codepoint of UE-sepcific PDSCH of a Serving Cell by sending the Enhanced TCI States Activation for UE-specific PDSCH MAC CE described in subclause 6.1.3.14.

The MAC entity shall:
1>	if the MAC entity receives an Enhanced TCI States Activation for UE-specific PDSCH MAC CE on a Serving Cell:
2>	indicate to lower layers the information regarding the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE.

5.18.4	Activation/Deactivation of UE-specific PDSCH TCI state
The network may activate and deactivate the configured TCI states for PDSCH of a Serving Cell by sending the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE described in subclause 6.1.3.14, or by sending the Enhanced TCI States Activation for UE-specific PDSCH MAC CE in subclause 6.1.3.xx if multiple TRP/panel transmission is supported. The configured TCI states for PDSCH are initially deactivated upon configuration and after a handover.
The MAC entity shall:
1>	if the MAC entity receives an TCI States Activation/Deactivation for UE-specific PDSCH MAC CE or an Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE on a Serving Cell:
2>	indicate to lower layers the information regarding the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE or the Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE.

<Next modification>
[bookmark: _Toc534933497]6.1.3.yy Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE 
The Enhanced TCI States Activation for UE-specific PDSCH is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-1. It has a variable size consisting of 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;
-	BWP ID: This field indicates a DL BWP for which the MAC CE applies as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9]. The length of the BWP ID field is 2 bits;
-	DCIi: This field indicates the presence of the TCI-StateId field for DCI codepoint value i. The DCIi field set to "1" indicates that the TCI-StateId field for the DCI codepoint value i is present, and the TCI state identified by TCI-StateId shall be activated as an active TCI state mapped to DCI codepoint value i for this TRP. The DCIi field set to "0" indicates that the TCI-StateId field for DCI codepoint value i is not presented, and any TCI state mapped to DCI codepoint value i for this TRP should be deactivated;
-	TCI-StateID: This field indicates the identifier of TCI state, i.e., TCI-StateId, as specified in TS 38.331 [5]. The length of the field is 7 bits;
-	R: Reserved bit, set to "0".



Figure 6.1.3.yy-1: Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE


<Next modification>

[bookmark: _Toc534933506]6.2	Formats and parameters
[bookmark: _Toc534933507]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;
-	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
	Index
	LCID values

	0
	CCCH

	1–32
	Identity of the logical channel

	33-4645
	Reserved

	46
	Enhanced TCI states Activation/Deactivation for UE-specific PDSCH

	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 octet)

	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 6.2.1-2 Values of LCID for UL-SCH
	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

	33–51
	Reserved

	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 octet 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




<End of modification>
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