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Discussion & Decision 
1. Introduction
RAN1 sent LS [1] to RAN2 with the agreements during RAN1#96 on support of enhancements on the multi-TRP/panel transmission, and RAN2 shortly discussed about the single PDCCH-based multi-TRP operation in RAN2#107 meeting.
However, the common understanding to support the single PDCCH-based multi-TRP operation was not reached so RAN2 sent LS [2] with questions as bellows:
	Each TCI codepoint can correspond to 1 or 2 TCI states, then RAN2 think there are two options to indicate the activated TCI states:.

· Option 1: Network configures the set of TCI trigger points which include one or two TCI states each for the Rel-16 NR-eMIMO UE, and MAC CE selects the candidate TCI trigger points among the configurable set of TCI trigger points.
· Option 2: Network configures TCI-states for multi-TRP using existing TCI-states field and MAC CE selects one or two TCI states for each DCI code point dynamically.

Question 1: Should the pairing of the TCI states be flexible such that each TCI state can be dynamically paired with each TCI state or is there an upper limit of pairs by configuration? 

The number of maximum activated TCI states should be determined in order to design MAC CE. Since the TCI field is 3-bit, there are up to 8 TCI codepoints in DCI. If each TCI codepoint has to correspond to two different TCI states, at most 16 different TCI states should be activated. Noted that the maximum number of activated TCI states is 8 in Rel-15 TCI States Activation / Deactivation for UE-specific PDSCH MAC CE.
Question 2: What is the total number of activated TCI states in mTRP operation?


In this contribution, we provide the technical background of the RAN1 agreements and considerations of design the MAC CE in order to meet the RAN1 requirements.
2. Discussion

For above single PDCCH based multi-TRP/panel transmission, RAN1 told that TCI indication framework should be enhanced in Rel-16. One urgent change from RAN2 perspective is MAC CE enhancement to map one or two TCI states for a TCI code point. Though RAN2 sent LS to RAN1, we think the RAN1 agreements are already clear to design the new MAC CE for TCI-state activation/deactivation in order to support the single PDCCH based multi-TRP/panel transmission.
2.1
Background of the legacy operation
The current procedure for configuring/activating the TCI state of PDSCH is described in Figure 1:
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Figure 1. Procedure for configuration/activation of TCI state for PDSCH in Rel-15.

In Rel-15, there are 3 step procedure for configuration and activation of TCI state for PDSCH as below:

1.  Maximum 128 TCI states can be configured by RRC signaling for PDSCH transmission in one BWP, and each TCI state include one QCL RS set which may include one or two RS resources as QCL references.

2.  MAC CE is used to select maximum 8 TCI states from those RRC configured TCI states. See the current MAC CE format in TS 38.321 [2].
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Figure 6.1.3.14-1: TCI States Activation/Deactivation for UE-specific PDSCH MAC CE
3.  DCI indicates one entry among the entires which are indicated in above MAC CE.

2.2
Enhanced Procedure for single PDCCH based multi-TRP/panel transmission
We represent the Figure 2 applying the RAN1 agreements for single PDCCH based multi-TRP/panel transmission.
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Figure 2. Enhanced Procedure for configuration/activation of TCI state for PDSCH in Rel-16.
Based on the agreements in RAN1#96 below, it is already clear that RAN1 only request to change MAC CE in order to enable one or two TCI states per a TCI code point.

	Agreement

For TCI state configuration in order to enable one or two TCI states per a TCI code point,

· MAC-CE enhancement to map one or two TCI states for a TCI code point where further detailed design is determined in RAN2.

· FFS whether increasing the number of bits of TCI field in DCI
Include in LS to RAN2
R1-1903637
Draft LS on support of Enhancements on multi-TRP/panel transmission

The draft LS is endorsed in R1-1903697 with updates on new RAN1 agreements.


The main change is enabling the indication of two TCI states which are related to TRP 1 and TRP 2 respectively to be used for the single PDCCH transmission. There may have many options to support this function but RAN1 concluded some high-level, and request to RAN2 as detail guideline i.e. Each TCI code point in a DCI can correspond to 1 or 2 TCI states, and MAC-CE can be enhanced to map one or two TCI states for a TCI code point. Therefore, RAN2 can design the MAC CE to meet the RAN1 agreement for supporting the multiple beam indication for multiple TRPs.

We think there are some considerations to design the MAC CE for supporting the multiple beam indication for multiple TRPs:

· It seems possible that each code point which is mapped to the entry of MAC CE, includes 1 or 2 TCI states. So MAC CE should distinguish the group of code points.

· The number of maximum activated TCI states should be determined. It seems that 8 or 16 are the candidate options (in Rel-15, we limited to 8). If 16 TCI states are used, then 4 bits DCI indicator is needed. RAN2 can wait the RAN1 response for this issue.
Proposal 1: RAN2 take into account the detail requirement to design the MAC CE for supporting the multiple beam indication for multiple TRPs as below:

· It seems possible that each code point which is mapped to the entry of MAC CE, includes 1 or 2 TCI states. So MAC CE should distinguish the group of code points.

· The number of maximum activated TCI states should be determined by RAN1. It seems that 8 or 16 are the candidate options (in Rel-15, we limited to 8). 
2.3
Design the new MAC CE format
First, we need to determine how the newly introduced feature can be handled in MAC CE. 

· Extend the current TCI States Activation/Deactivation for UE-specific PDSCH MAC CE 
· Make new MAC CE to support multiple beam (i.e. TCI state) indication for multiple TRPs
We think there are no big motivation to extend the current MAC CE even we have “R” field for future extension because extension of current MAC CE would not be clean to understand the all feature. The number of reserved LCID is 14 and, so it seems enough for the newly introduced MAC CE for the future, so we think it is better to introduce the new MAC CE as optimal way to support multiple beam (i.e. TCI state) indication for multiple TRPs
Proposal 2: Introduce the new MAC CE to support multiple beam (i.e. TCI state) indication for multiple TRPs.
We also provide the draft CR in the Annex below including the new MAC CE format to support multiple beam (i.e. TCI state) indication for multiple TRPs
Proposal 3: RAN2 adopt the new MAC CE format to support multiple beam (i.e. TCI state) indication for multiple TRPs in Annex.
3. Conclusion
In this contribution, we provide our view on MAC CE to support multiple beam indication for multiple TRPs.
Proposal 1: RAN2 take into account the detail requirement to design the MAC CE for supporting the multiple beam indication for multiple TRPs as below:

· It seems possible that each code point which is mapped to the entry of MAC CE, includes 1 or 2 TCI states. So MAC CE should distinguish the group of code points.

· The number of maximum activated TCI states should be determined by RAN1. It seems that 8 or 16 are the candidate options (in Rel-15, we limited to 8). 
Proposal 2: Introduce the new MAC CE to support multiple beam (i.e. TCI state) indication for multiple TRPs.
Proposal 3: RAN2 adopt the new MAC CE format to support multiple beam (i.e. TCI state) indication for multiple TRPs in Annex.
4. Annex

5.18
Handling of MAC CEs

<Text Removed Here>
5.18.xx
Enhanced Activation/Deactivation of UE-specific PDSCH TCI state
The network may activate and deactivate the configured TCI code points for PDSCH of a Serving Cell by sending the Enhanced TCI states Activation/Deactivation for UE-specific PDSCH MAC CE described in subclause 6.1.3.yy. 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 Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE on a Serving Cell:

2>
indicate to lower layers the information regarding the Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE.
6.1.3
MAC Control Elements
<Text Removed Here>
6.1.3.yy
Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE

The Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE 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;
-
C: This field indicates whether the octets containing TCI state IDi,2 is present. If this field is set to "1", the octets containing TCI state IDi,2 is present. If this field is set to "0", the octets containing TCI state IDi,2 is not present and the octets containing TCI state IDi+1,1, may or may not present instead of presence of TCI state IDi,2;
-
TCI state IDi,j: This field indicates the TCI state identified by TCI-StateId as specified in TS 38.331 [5], where i is the index of the activated TCI codepoint and j represent the index of TRP. The codepoint to which the TCI States for TRP1 and TRP2 are mapped is determined by its ordinal position among all the TCI codepoints with set of TCI state IDi,j fields for TRP1 and TRP2, i.e. the first TCI codepoint with TCI state ID1,1 and TCI state ID1,2 shall be mapped to the codepoint value 0, second TCI codepoint with TCI state ID2,1 and TCI state ID2,2 shall be mapped to the codepoint value 1 and so on. The TCI state ID for TRP 2 (i.e. TCI state IDi,2) is optional based on the network configuration. The maximum number of activated TCI codepoint is 8 and the maximum number of TRP is 2.
-
R: Reserved bit, set to "0".


[image: image4.emf]Oct 2 C

Oct 3

(Optional)

TCI state ID

1,1 

(for TRP1)

R TCI state ID

1,2 

(for TRP2)

...

C TCI state ID

N,1 

(for TRP1)

R TCI state ID

N,2 

(for TRP2)

Oct M-1

Oct M

(Optional)

R BWP ID Serving Cell ID

Oct 1


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

	33-45
	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
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