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Introduction

According to the LS from RAN1, RAN2 need enhance the current TCI-state PDSCH MAC CE and CORESET configuration for adapting the multi-TRP/Panels transmission:

--------------------------- From R1-1903697--------------------------------------------------

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.
-------------------------LS from RAN1 --------------------------------------------------------

According to the LS from RAN1, RAN 1 want us to consider about the following issues:
1: ONE CORSET in a PDCCH configure  corresponds to one TRP

2: Redesign the MAC CE which can be used for mapping one or two TCI states for a TCI code point in one DCI
Thus the intention of this contribution is to share our views on enhancement  for multiple TRP/Panels transmission in both UP plane and CP plane 

Discussions
Part 1: CORESET For TRP Transmission 
According to the agreements achieved in RAN1 meeting, for multiple TRP transmission , one CORESET need be  associated with one TRP. Moreover, up to 2 CW can be supported for UE MIMO capability which means at most 2 simultaneous TRP transmission can be performed. 
Agreement:
To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs

one CORESET in a “PDCCH-config” corresponds to one TRP

FFS whether to increase the number of CORESETs per “PDCCH-config” more than 3

FFS: UE monitoring/decoding behavior for multiple PDCCHs.

Include in LS to RAN2
Thus the configured CORESETs in a PDCCH-config can be divided into two groups. One straightforward way is to introduce a new group ID for each CORESET. Then CORESETs with the same group ID correspond to the same TRP. The group ID can be 0 or 1. 

Proposal 1:  Introduce a new group ID for each CORESET, where the group ID can be 0 or 1.

Part 2: Enhancement of PDSCH TCI State MAC CE for multi-TRP transmission

In the current specification, PDSCH TCI state MAC CE is used for NW to ask UE to activate at most 8 TCI states for PDSCH decoding from the TCI state sets configured in PDSCH-Config. And then TCI code point of DCI format 1_1 can be used for UE to select the indicated TCI state  from activated ones by MAC CE in order to decode the related PDSCH. However, From RAN 1 perspective, for supporting the multiple TRP transmission scheduled by single DCI,  the TCI code point in a DCI needto correspond to 1 or 2 TCI states. 
Since there is only one 3bit-codepoint in DCI format 1_1, thus compare to the R15 PDSCH TCI state MAC CE, the enhancement of PDSCH TCI State MAC CE shall activate two TCI states simultaneously  for single DCI scheduling the Multi-TRP transmission. 

Proposal 2: For activating the TCI state to each TRP transmission, the enhanced PDSCH TCI State MAC CE need activate at most 2TCI states simultaneously for single DCI scheduling the multi-TRP transmission.

For enhancement of MAC CE, we have below options

Option 1: Introduce a new TCI state MAC CE for Multiple-TRP transmission 

Option 2: modify the current MAC CE for adapting multiple-TRP transmission

Compare between option 1 and option 2, Option 1 is a simple method for building a new MAC CE to serve the Multiple-TRP transmission, but considering there are only 14 remaining LCID for DL transmission, it is quite wasteful to build a new MAC CE but have similar usage with an existed MAC CE. Thus we propose that:

Proposal 3: For avoiding the unnecessary waste of LCID, The PDSCH TCI State MAC CE in Rel-15 can be modified for adapting R-16 UE with the capability of the Multiple TRP transmission.
For understanding easily, the TP is attached in Annex
Conclusion 

Part 1:
Proposal 1:  Introduce a new group ID for each CORESET, where the group ID can be 0 or 1.

Part 2:
Proposal 2: For activating the TCI state to each TRP transmission, the enhanced PDSCH TCI State MAC CE need activate at most 2TCI states simultaneously for single DCI scheduling the multi-TRP transmission.

Proposal 3: For avoiding the unnecessary waste of LCID, The PDSCH TCI State MAC CE in Rel-15 can be modified for adapting R-16 UE with the capability of the Multiple TRP transmission.
Reference

R1-1903697 LS on support of Enhancements on multi-TRP/panel transmission 
Annex
For part 1:

------------------------------------Start of the change     ------------------------------------------------
–
ControlResourceSet
The IE ControlResourceSet is used to configure a time/frequency control resource set (CORESET) in which to search for downlink control information (see TS 38.213 [13], clause FFS_Section).

ControlResourceSet information element

-- ASN1START

-- TAG-CONTROLRESOURCESET-START

ControlResourceSet ::=              SEQUENCE {

controlResourceSetId                ControlResourceSetId,
ControlResourcesetGroupID


INTEGER(0, 1)








OPTIONAL, -- Cond Multi-TRP
    frequencyDomainResources            BIT STRING (SIZE (45)),

    duration                            INTEGER (1..maxCoReSetDuration),

    cce-REG-MappingType                 CHOICE {

        interleaved                         SEQUENCE {

            reg-BundleSize                      ENUMERATED {n2, n3, n6},

            interleaverSize                     ENUMERATED {n2, n3, n6},

            shiftIndex                          INTEGER(0..maxNrofPhysicalResourceBlocks-1)          OPTIONAL -- Need S

        },

        nonInterleaved                      NULL
    },

    precoderGranularity                 ENUMERATED {sameAsREG-bundle, allContiguousRBs},

    tci-StatesPDCCH-ToAddList           SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId    OPTIONAL,-- Cond NotSIB1-initialBWP

    tci-StatesPDCCH-ToReleaseList       SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId    OPTIONAL, -- Cond NotSIB1-initialBWP

    tci-PresentInDCI                        ENUMERATED {enabled}                                     OPTIONAL,   -- Need S

    pdcch-DMRS-ScramblingID                 INTEGER (0..65535)                                       OPTIONAL,   -- Need S

    ...

}

-- TAG-CONTROLRESOURCESET-STOP

-- ASN1STOP

	ControlResourceSet field descriptions

	cce-REG-MappingType
Mapping of Control Channel Elements (CCE) to Resource Element Groups (REG) (see TS 38.211 [16], clauses 7.3.2.2 and 7.4.1.3.2).

	controlResourceSetId
Value 0 identifies the common CORESET configured in MIB and in ServingCellConfigCommon (controlResourceSetZero) and is hence not used here in the ControlResourceSet IE. Values 1..maxNrofControlResourceSets-1 identify CORESETs configured by dedicated signalling or in SIB1. The controlResourceSetId is unique among the BWPs of a ServingCell.

	duration
Contiguous time duration of the CORESET in number of symbols (see TS 38.211 [16], clause 7.3.2.2).

	frequencyDomainResources
Frequency domain resources for the CORESET. Each bit corresponds a group of 6 RBs, with grouping starting from the first RB group (see TS 38.213 [13], clause 10.1) in the BWP. The first (left-most / most significant) bit corresponds to the first RB group in the BWP, and so on. A bit that is set to 1 indicates that this RB group belongs to the frequency domain resource of this CORESET. Bits corresponding to a group of RBs not fully contained in the bandwidth part within which the CORESET is configured are set to zero (see TS 38.211 [16], clause 7.3.2.2).

	interleaverSize
Interleaver-size (see TS 38.211 [16], clause 7.3.2.2).

	pdcch-DMRS-ScramblingID
PDCCH DMRS scrambling initialization (see TS 38.211 [16], clause 7.4.1.3.1). When the field is absent the UE applies the value of the physCellId configured for this serving cell.

	precoderGranularity
Precoder granularity in frequency domain (see TS 38.211 [16], clauses 7.3.2.2 and 7.4.1.3.2).

	reg-BundleSize
Resource Element Groups (REGs) can be bundled to create REG bundles. This parameter defines the size of such bundles (see TS 38.211 [16], clause 7.3.2.2).

	shiftIndex
When the field is absent the UE applies the value of the physCellIdconfigured for this serving cell (see TS 38.211 [16], clause 7.3.2.2).

	tci-PresentInDCI
If at least spatial QCL is configured/indicated, this field indicates if TCI field is present or not present in DL-related DCI. When the field is absent the UE considers the TCI to be absent/disabled (see TS 38.214 [19], clause 5.1.5).

	tci-StatesPDCCH-ToAddList
A subset of the TCI states defined in pdsch-Config. They are used for providing QCL relationships between the DL RS(s) in one RS Set (TCI-State) and the PDCCH DMRS ports (see TS 38.213 [13], clause 6.). The network configures at most maxNrofTCI-StatesPDCCH entries.

	controlResoucessetGroupID

A group indentifier for this CORESETwhile the UE have a capability of Muliti-TRP transmission.


	Conditional Presence
	Explanation

	NotSIB1-initialBWP
	The field is absent in SIB1 and in the PDCCH-ConfigCommon of the initial BWP in ServingCellConfigCommon, if SIB1 is broadcasted. Otherwise, it is optionally present, Need N

	Multi-TRP
	The field is absent if UE do not have a capability of Multi-TRPt trnamission, otherwise, it is present.


------------------------------------The end of change --------------------------------------------------------------------------------------
For Part 2:

---------------------------------Start of the change -------------------------------------------
6.1.3.14
TCI States Activation/Deactivation for UE-specific PDSCH MAC CE

The 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;
--
Ti: 
If  UE have not a capability of multiple TRP transmission
    If there is a TCI state with TCI-StateId i as specified in TS 38.331 [5], this field indicates the activation/deactivation status of the TCI state with TCI-StateId i, otherwise MAC entity shall ignore the Ti field. The Ti field is set to "1" to indicate that the TCI state with TCI-StateId i shall be activated and mapped to the codepoint of the DCI Transmission Configuration Indication field, as specified in TS 38.214 [7]. The Ti field is set to "0" to indicate that the TCI state with TCI-StateId i shall be deactivated and is not mapped to the codepoint of the DCI Transmission Configuration Indication field. The codepoint to which the TCI State is mapped is determined by its ordinal position among all the TCI States with Ti field set to "1", i.e. the first TCI State with Ti field set to "1" shall be mapped to the codepoint value 0, second TCI State with Ti field set to "1" shall be mapped to the codepoint value 1 and so on. The maximum number of activated TCI states is 8;
          If  UE have a capability of multiple TRP transmission
 If there is a TCI state with TCI-StateId i as specified in TS 38.331 [5], this field indicates the activation/deactivation status of the TCI state with TCI-StateId i, otherwise MAC entity shall ignore the Ti field. The Ti fields is ⌈the maximum of TCI-StateID/8⌉bytes longer.  The Ti field is set to "1" to indicate that the TCI state with TCI-StateId i shall be activated and mapped to the TCI STATE Pairfield in this MAC CE.
-
R: Reserved bit, set to "0". 
-
TCI STATE Pair i : this field indicates the activate TCI state pair for decoding the single DCI scheduling  multi-TRP transmission. The TCI STATE Pair is mapped to the codepoint of the DCI transmission configuration indication field. The codepoint in DCI is mapped to the TCI STATE pair sequence, for example, the TCI STATE pair 1 shall be mapped to the codepoint value “0”, the TCI STATE pair 2 shall be mapped to the codepoint value “1”, and so on. The maximum number of activated TCI state pair is 8.

      The most 3 significant bits represent the first TCI state in this pair which is mapped to the active Ti field, the “000” indicate the first activate TCI state, the  ‘001’ indicates the second TCI state and so on.
The least 3 significant bits represent the second TCI state  in this pair which is mapped to the active Ti field, the “000” indicate the first activate TCI state, the  ‘001’ indicates the second TCI state and so on.

If the most 3 significant bits are equal with the least 3 significant bits, it means that only one TCI state is mapped to the code point in DCI.
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Figure 6.1.3.14-1: TCI States Activation/Deactivation for UE-specific PDSCH MAC CE

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