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1	Introduction
The TP for a MAC CE for TCI state activation/deactivation for DCI codepoints was concluded in the MAC running CR for eMIMO  Phase 1.

· [108#69][NR] MAC Running CR (Samsung)
      Intended outcome: Endorsed running CR including:
      Phase 1 (until next week): meeting agreements and also the details of the MAC CEs as agreed from R2-1914710
      Phase 2: possibly including the output of the email discussion on other DL MAC CEs.
      Deadline:  Until next meeting

[bookmark: _Hlk23787307]However, RAN2 received a reply from RAN1 regarding the multi PDCCH-based and single PDCCH-based multi-TRP operation in [1] which will result in a need for updating the current running CR for the “Enhanced Activation/Deactivation of UE-specific PDSCH TCI state” MAC CE. In this paper, we discuss the needed update.
[bookmark: _Ref178064866]2	RAN1 reply LS input for mPDCCH operation

RAN2 asked RAN1 the following question in [2] and correspondingly received the reply in [1]:

PDSCH TCI state options reflected in DCI per TRP
Currently there is one MAC CE activating 8 TCI states for PDSCH reception. Without any change for mPDCCH mTRP transmission, a PDCCH transmission [for one TRP] will point to one of these 8 TCI states, thus the TRPs are sharing the 8 activated TCI states.
Question 2. Does RAN1 think the current operation is sufficient for mPDCCH mTRP operation? 
Answer 2:  RAN1 would like to support 8 activated TCI states per TRP, i.e. per CORESETPoolIndex. The total number of activated TCI states that a UE supports is subject to UE capability. Further detailed design is up to RAN2.  

The result of this is that as UE is receiving DCI via a CORESETpool corresponding to one TRP, the TCI states mapped to the DCI codepoints of the TCI field are independent from the TCI states mapped to the DCI codepoints of the TCI field in a DCI received via a CORESETpool corresponding to another TRP. That is, for mPDCCH operation, the DCI codepoints of the TCI field can refer to different TCI states depending on which CORESETpool the UE receives the DCI in.


[bookmark: _Toc31736520]For mPDCCH operation, the DCI codepoints of the TCI field can refer to different TCI states depending on which CORESETpool the UE receives the DCI in.


Figure 1 illustrates an example relationship between TCI states for a multiple-PDCCH multi-TRP scenario.  Here, the TCI field codepoints in the DCI scheduling PDSCH1 are associated with TCI states a-h, and the TCI field codepoints in the DCI scheduling PDSCH2 are associated with TCI states s-z.  
[image: ]
[bookmark: _Ref14127404]Figure 1: Relationship between TCI states in a scenario in which UE receives PDSCHs via multiple PDCCHs transmitted from different TRPs.


The current Enhanced Activation/Deactivation of UE-specific PDSCH TCI state MAC CE is not able to map TCI state to DCI codepoint depending on CORESETpool index.   Hence, it seems necessary to update the MAC CE.
One straightforward way is to simply add a field in the MAC CE to mark the CORESET pool index. From the CORESET pool index, the UE knows that the activated TCI States and the associated codepoint to TCI state mapping should be applied to a PDCCH that is carried within one of the CORESETs in the CORESET pool.  This way independent MAC CE is sent for each CORESET pool.
Another way is to extend the MAC CE to list TCI states for both CORESET pool indexes if more than one CORESET pools are configured. In the appendix, we show TP on top of the running CR implementing the added field in the MAC CE.

[bookmark: _Toc31736522]RAN2 to discuss how to modify the Enhanced Activation/Deactivation of UE-specific PDSCH TCI state MAC CE to take into account the reply for question 2 .




2	RAN1 reply LS input for sPDCCH operation


RAN1 reply to question 3 may be a source of confusion as this aspect had been debated in RAN2 in two previous meetings:

	Agreements
1. We will adopt a dynamic MAC CE based approach.
2. RAN2 understands that the UE does not need to know via MAC CE that a TCI state corresponds to a specific TRP


Question 3. RAN2 would like to ask RAN1 for confirmation that the understanding in RAN2 agreements is correct.  
Answer 3:  RAN1 would like to confirm that the understanding in RAN2 agreements is correct

This means that there is no need to map TCI state to a TRP as such as the TCI state itself provides the spatial relation to a TRP. This is best described in context of sPDCCH. For single-PDCCH based multi-TRP transmission, the single PDCCH is received from one of the TRPs while PDSCH(s) will be received from both TRPs.  Figure 2 shows an example where a DCI received by the UE in PDCCH from TRP1 schedules two PDSCHs.  The first PDSCH (PDSCH1) is received from TRP1 and the second PDSCH (PDSCH2) is received from TRP2.
[image: ]
[bookmark: _Ref536059200]Figure 2: An example of a single-PDCCH scheduling two different PDSCHs

For this operation, the DCI codepoint to TCI state mapping is unambiguous as only one PDCCH (CORESET pool) is configured. That is, CORESETPoolIndex is not configured in RRC (recall that when CORESETPoolIndex is not configured for a CORESET, a default CORESETPoolIndex of 0 is assumed as agreed in RAN1). Further, the current field description in the running RRC CR reads:
coresetPoolIndex
The index of the CORESET pool for this CORESET as specified in TS 38.213 [13] (clauses 9 and 10) and TS 38.214 [19] (clauses 5.1 and 6.1)When absent, the index is 0.


[bookmark: _Toc31736521]There is no need to map TCI state to a TRP as such even for mPDCCH operation the mapping to DCI codepoint depending on CORESET pool is needed.

4	Conclusion
In the previous sections we made the following observations: 
Observation 1	For mPDCCH operation, the same DCI codepoints refer to different TCI states depending on which PDCCH UE receives the DCI via.
Observation 2	There is no need to map TCI state to a TRP as such even for mPDCCH operation the mapping to DCI codepoint depending on CORESET pool is needed.
[bookmark: _Hlk16772471]Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to discuss how to modify the Enhanced Activation/Deactivation of UE-specific PDSCH TCI state MAC CE to take into account the reply for question 2 .

[bookmark: _In-sequence_SDU_delivery]5	References
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6	TP for PDSCH MAC CE

----------------------------------start of change-----------------------------------------
[bookmark: _Toc534933497][bookmark: _Hlk23926503]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:
-    E: This field indicates to which CORESETPoolIndex, as defined in 38.331, the activated TCI state(s) applies to. If the field is set to 0, the activated TCI states apply to a DCI which is sent via CORESET pool with CORESETPoolIndex 0. If the field is set to 1, the activated TCI states apply to a DCI which is sent via CORESET pool with CORESETPoolIndex 1.
-	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;
-	Ci: This field indicates whether the octet containing TCI state IDi,2 is present. If this field is set to "1", the octet containing TCI state IDi,2 is present. If this field is set to "0", the octet containing TCI state IDi,2 is not present;
-	TCI state IDi,j: This field indicates the TCI state identified by TCI-StateId in tci-StatesToAddModList in the PDSCH-Config as specified in TS 38.331 [5], where i is the index of the codepoint of the DCI Transmission configuration indication field as specified in TS 38.212 [9] and TCI state IDi,j denotes the jth TCI state indicated for the ith codepoint in the DCI Transmission Configuration Indication field. The TCI codepoint to which the TCI States are mapped is determined by its ordinal position among all the TCI codepoints with sets of TCI state IDi,j fields, i.e. the first TCI codepoint with TCI state ID0,1 and TCI state ID0,2 shall be mapped to the codepoint value 0, the second TCI codepoint with TCI state ID1,1 and TCI state ID1,2 shall be mapped to the codepoint value 1 and so on. The TCI state IDi,2 is optional based on the indication of the Ci field. The maximum number of activated TCI codepoint is 8 and the maximum number of TCI states mapped to a TCI codepoint is 2.
-	R: Reserved bit, set to "0".




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


--------------------------------end of change---------------------------------------------


	4/4	
image1.png
Codepoint to TCI state mapping for
CORESETpoolIndex1
TCI field ="'000" - TCI state a
TCI field =001 > TCI state b
TCI field ='010" - TCI state
TCI field ='011' > TCI state d
TCI field =100 > TCI state e
CORESETpoolIndex1 TCI field =101 > TCI state f
PDCCH 1 TCI field ='110" > TCI state g
PDSCH 1 TCI field ='111" > TCI state h

UE

Codepoint to TCI state mapping for
CORESETpoolIndex2

TCI field = ‘000" > TCI state s

TCI field ='001" > TCI state t

TCI field ='@10" > TCI state u
TCI field ='011" > TCI statev
TCI field = "100" > TCI state w
TCI field ="101" > TCI state x
TCI field ='110" > TCI statey
TCI field ="111" > TCI state z

CORESETpoolIndex2
PDCCH 2
PDSCH 2




image2.png
(2 PDSCH2 (TCI State g, DMRS COM Group v)

TRP

@ PDCCH
PDSCH1 (TCI State p, DMRS CDM Group u)
TRP \
UE
)
2




image3.emf
Oct 2 C

0

Oct 3

(Optional)

TCI state ID

0,1

R TCI state ID

0,2

...

C

N

TCI state ID

N,1

R TCI state ID

N,2

Oct M-1

Oct M

(Optional)

R BWP ID Serving Cell ID

Oct 1


Microsoft_Visio_Drawing25.vsdx

Oct 2
C0
Oct 3
(Optional)
TCI state ID0,1
R
TCI state ID0,2
...
CN
TCI state IDN,1
R
TCI state IDN,2
Oct M-1
Oct M
(Optional)
R
BWP ID
Serving Cell ID
Oct 1



image4.emf
Oct 2 C

0

Oct 3

(Optional)

TCI state ID

0,1

R TCI state ID

0,2

...

C

N

TCI state ID

N,1

R TCI state ID

N,2

Oct M-1

Oct M

(Optional)

E BWP ID Serving Cell ID

Oct 1


Microsoft_Visio_Drawing.vsdx

Oct 2
C0
Oct 3
(Optional)
TCI state ID0,1
R
TCI state ID0,2
...
CN
TCI state IDN,1
R
TCI state IDN,2
Oct M-1
Oct M
(Optional)
E
BWP ID
Serving Cell ID
Oct 1



