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1 Introduction
This contribution presents our views on agenda item 7.2.6.2 for supporting multi-TRP transmission. Our views for S-DCI are in section 2 while views for M-DCI are in section 3.

For single-DCI based multi-TRP operation, in addition to the issues discussed here, we are supportive of text proposals addressing Issues 2-4, 2-6, 2-7 listed in [1].
2 Single-PDCCH based downlink data transmission

2.1 Default TCI state for single-DCI based multi-TRP operation

During the RAN1#99 meeting, the following was agreed: 

	Agreement 

For single-DCI based Multi-TRP/panel transmission with at least one configured TCI states for the serving cell of scheduled PDSCH containing 'QCL-TypeD',

· If the offset between the reception of the PDCCH and the corresponding PDSCH is less than timeDurationForQCL and after the reception of activation command of TCI states for UE specific PDSCH, the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by default TCI state(s) as following:

· Use the TCI-states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states which are activated for PDSCH.

· If all the TCI codepoints are mapped to a single TCI state, then Rel-15 behavior is followed

The support of this feature is part of UE capability.


To support the above feature, a UE has to be capable of simultaneously monitoring two default TCI states. For an incapable UE, gNB has two alternatives to avoid this situation: First, no TCI codepoint is mapped to two TCI states. It is undesirable since the incapable UE requires constant MAC CE updates to switch between multi-TRP operation and having default QCL assumption. Second, the scheduling offset is always larger than or equal to the threshold timeDurationForQCL. It is also undesirable since comparing with Release-15 UEs, the incapable UE cannot enjoy low latency provided by having a default QCL assumption. Thus, a default behavior should be specified for a UE incapable of simultaneously monitoring two default TCI states. 
For simplicity, we propose that a UE follows the Release-15 UE behavior if the UE cannot support simultaneously monitoring two default TCI states:

Proposal 1: A Release-16 UE incapable of simultaneously monitoring two default TCI states follows the Release-15 UE behavior for default QCL assumption.

During the RAN1#100e meeting, the following issue of single-DCI based multi-TRP operation was discussed but no consensus was reached: “What is the UE behavior for the case where scheduling offset < timeDurationForQCL and only one TCI state is indicated by the DCI?” As a UE vendor, we prefer that a clear UE behavior is specified rather than up to UE implementation. We are fine with all the alternatives listed in [2] as long as it is not up to UE implementation. In the text proposal we follow Alt.2 in [2]: “The UE applies the indicated TCI state if the indicated TCI state is one of the two TCI states corresponding to the lowest codepoint containing two different TCI-states and, otherwise, the UE applies the first TCI state of the two TCI states corresponding to the lowest codepoint containing two different TCI states.”

Proposal 2: A UE behavior is specified for the case where scheduling offset < timeDurationForQCL and only one TCI state is indicated by the DCI.

---------------------------------------------- Start of proposed TP1 for 38.214 ----------------------------------------------------
5.1.5
Antenna ports quasi co-location
--- Unchanged text omitted ---------

If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one of configured TCI states for the serving cell of scheduled PDSCH contains the 'QCL-TypeD', and at least one TCI codepoint indicates two TCI states, 

· subject to the reported UE capability, if one TCI state is indicated by the DCI field 'Transmission Configuration Indication', the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the indicated TCI state if it is one of the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states, or the first TCI state of TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states otherwise;
· subject to the reported UE capability, if two TCI states are indicated by the DCI field 'Transmission Configuration Indication', the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states;
· otherwise, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
--------------------------------------------------------End of proposed TP1 ----------------------------------------------------------
2.2 Remaining issues of TDM Scheme A

During the RAN1#100e meeting, [3] (see also [1]) raised the issue of PDSCH mapping type for TDM Scheme A. In general, the second transmission occasion cannot be of PDSCH mapping type A since the starting position of PDSCH mapping type A is restricted to one of the beginning 4 OFDM symbols in a slot. Thus, it suffices to fix the second transmission occasion to be of PDSCH mapping type B. Furthermore, we do not see any strong motivation of having different PDSCH mapping types for the two transmission occasions in a slot. Considering unnecessary specification effort, such as specifying which PDSCH processing procedure time to follow, we propose that all PDSCH transmission occasions are of PDSCH mapping type B for simplicity.  

Proposal 3: For TDM Scheme A, all PDSCH transmission occasions are of PDSCH mapping type B.

---------------------------------------------- Start of proposed TP2 for 38.214 ----------------------------------------------------
5.1.2.1 Resource allocation in time domain
--- Unchanged text omitted ---------

When a UE is configured by the higher layer parameter RepSchemeEnabler set to ‘TDMSchemeA’ and indicated DM-RS port(s) within one CDM group in the DCI field “Antenna Port(s)”, the number of PDSCH transmission occasions is derived by the number of TCI states indicated by the DCI field 'Transmission Configuration Indication' of the scheduling DCI. 

-
If two TCI states are indicated by the DCI field ‘Transmission Configuration Indication’, the UE is expected to receive two PDSCH transmission occasions, where the first TCI state is applied to the first PDSCH transmission occasion and resource allocation in time domain for the first PDSCH transmission occasion follows Clause 5.1.2.1. The second TCI state is applied to the second PDSCH transmission occasion, and the second PDSCH transmission occasion shall have the same number of symbols as the first PDSCH transmission occasion. If the UE is configured by the higher layers with a value[image: image2.png]


 in StartingSymbolOffsetK, it shall determine that the first symbol of the second PDSCH transmission occasion starts after [image: image4.png]


 symbols from the last symbol of the first PDSCH transmission occasion. If the value[image: image6.png]


 is not configured via the higher layer parameter StartingSymbolOffsetK, [image: image8.png]


  = 0 shall be assumed by the UE. The UE is not expected to receive more than two PDSCH transmission layers for each PDSCH transmission occasion. For two PDSCH transmission occasions, the redundancy version to be applied is derived according to Table 5.1.2.1-2, where [image: image10.png]0,1



 applied respectively to the first and second TCI state. The two PDSCH transmission occasions are of PDSCH mapping type B and the PDSCH mapping type indicated in the DCI field “Time domain resource assignment’ is omitted.
-
Otherwise, the UE is expected to receive a single PDSCH transmission occasion, and the resource allocation in the time domain follows Clause 5.1.2.1. 

--------------------------------------------------------End of proposed TP2 ----------------------------------------------------------
During the RAN1#100e meeting, [4] (see also [1]) raised the issue of TBS determination for TDM Scheme A. Rather than the text proposal in [4], we prefer a unified description by specifying that [image: image12.png]N:h



 is given by the number of symbols [image: image14.png]


 indicated in SLIV of DL DCI, which is also consistent with the current specification for PUSCH.

Proposal 4: For TBS determination of PDSCH, [image: image16.png]N:h



 is specified as the number of symbols [image: image18.png]


 indicated in SLIV of DL DCI.

---------------------------------------------- Start of proposed TP3 for 38.214 ----------------------------------------------------
5.1.3.2 Transport block size determination
--- Unchanged text omitted ---------

For the PDSCH assigned by a PDCCH with DCI format 1_0, format 1_1 or format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, or SI-RNTI, if Table 5.1.3.1-2 is used and 
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 QUOTE 0 ≤ ,I-MCS .≤27 , or a table other than Table 5.1.3.1-2 is used and 
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 QUOTE 0 ≤ ,I-MCS .≤28 , the UE shall, except if the transport block is disabled in DCI format 1_1, first determine the TBS as specified below:

1)
The UE shall first determine the number of REs (NRE)  QUOTE ,N-RE.) within the slot. 

-
A UE first determines the number of REs allocated for PDSCH within a PRB (
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 is the number of subcarriers in a physical resource block, 
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 QUOTE ,N-symb-slot.  is the number of symbols L of the PDSCH allocation within the slot according to Clause 5.1.2.1, 
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 QUOTE ,N-DMRS-PRB.  is the number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups without data, as indicated by DCI format 1_1 or format 1_2 or as described for format 1_0 in Clause 5.1.6.2, and 
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  QUOTE ,N-oh-PRB. is the overhead configured by higher layer parameter xOverhead in PDSCH-ServingCellConfig. If the xOverhead in PDSCH-ServingCellconfig is not configured (a value from 0, 6, 12, or 18), the 
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 is set to 0. If the PDSCH is scheduled by PDCCH with a CRC scrambled by SI-RNTI, RA-RNTI, MsgB-RNTI or P-RNTI, 
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-
A UE determines the total number of REs allocated for PDSCH (
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 QUOTE ,N-RE.= ,,N.-RE-'.* ,n-PRB. , where nPRB is the total number of allocated PRBs for the UE. 

--------------------------------------------------------End of proposed TP3 ----------------------------------------------------------
3 Multiple-PDCCH based downlink data transmission
3.1 CRS Rate Matching
  In RAN1#100e meeting, on CRS rate matching in multi-PDCCH based transmission, [3] and [5] proposes the rate matching depends if UE is not configured with CRSPatternList-CORESETPoolIndex: 1) When parameter CRSPatternList-CORESETPoolIndex is not configured, UE shall rate match PDSCH around configured CRS patterns from multiple TRP’s [5] and 2) If UE does not support rate matching around CORESETPoolIndex separately, UE is not configured with CRSPatternList-CORESETPoolIndex [3]. Suggest to clarify UE behavior when CRSPatternList-CORESETPoolIndex is not configured, with default behavior. 
Proposal 5: For CRS rate matching, propose the default behaviour as indicated by CRS-PatternList-r16 in ServingCellConfig when CRSPatternList-CORESETPoolIndex is not configured
	-------- start of the TP 4-------

5.1.4.2       PDSCH resource mapping with RE level granularity
< Unchanged parts are omitted >

…
- If the UE configured by higher layer parameter PDCCH-Config with two different values of CORESETPoolIndex in ControlResourceSet and also configured by the higher layer parameter LTE-CRS-PatternList-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
· REs indicated by CRSPatternList-CORESETPoolIndex for a UE supporting the capability of [separate-lte-CRS-ToMatchAround]; If CRSPatternList-CORESETPoolIndex is not defined, REs indicated by CRS-PatternList-r16 in ServingCellConfig; 
· REs indicated by CRS-PatternList-r16 in ServingCellConfig for a UE not supporting the capability of [separate-lte-CRS-ToMatchAround].
…
< Unchanged parts are omitted >

-------- end of the TP 4-------




3.2 Type 2 HARQ-ACK Monitor Occasion and DAI
  On the definition of PDCCH monitor occasion, current definition in spec. 214 for re.l 16, is incorrect. However, we could reuse the definition of release 15 version with minor modification: The set of PDCCH monitoring occasions for a DCI format scheduling PDSCH receptions or SPS PDSCH release is defined as the union of PDCCH monitoring occasions across active DL BWPs of configured serving cells. PDCCH monitoring occasions are indexed in an ascending order of start times of the search space sets. The cardinality of the set of PDCCH monitoring occasions defines a total number M of PDCCH monitoring occasions.
  In meeting RAN1 #99, on downlink assignment indicator (DAI) field in DCI formats, the agreement is stated as follows:
RAN1 #99
Agreement

For joint dynamic HARQ-ACK codebook among M-TRP, 

· Counter DAI is jointly counted across two TRPs (i.e. different value of CORESETPoolIndex (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs. 
Also the definition of[image: image31.wmf]DL
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, the number of serving cells configured by higher layers for the UE, has been redefined as follows in RAN1#100e meeting: 
-
if, for an active DL BWP of a serving cell, the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, and is provided ACKNACKFeedbackMode = JointFeedback, the serving cell is counted two times where the first time corresponds to the first CORESETs and the second time corresponds to the second CORESETs
Hence, the same text should be added to the current definition of counter DAI and the current definition of total DAI, adding consideration of CORESETPoolIndex.
Proposal 6: Support to use the Rel. 15 definition of PDCCH monitor occasions and align the DAI definition to the pseudo codes
Also with consideration of jointly feedback under M-DCI M-TRP scenario, when the UE determines a number of HARQ-ACK information bits [image: image32.wmf]ACK
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 for obtaining a transmission power for a PUCCH, the case for M-DCI M-TRP should be clarified as[image: image33.wmf]1
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. This is because we agreed M-DCI M-TRP will have 4 bits DAI, which implies having total DAI field in the DCI
Proposal 7: When the UE determines a number of HARQ-ACK information bits [image: image34.wmf]ACK
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	-------- start of the TP 5-------

9.1.3.1       Type-2 HARQ-ACK codebook in physical uplink control channel 

< Unchanged parts are omitted >

…

The set of PDCCH monitoring occasions for a DCI format scheduling PDSCH receptions or SPS PDSCH release is defined as the union of PDCCH monitoring occasions across active DL BWPs of configured serving cells. PDCCH monitoring occasions are first indexed in an ascending order across serving cells indexes for a same start time of search space sets associated with DCI formats scheduling PDSCH receptions or SPS PDSCH release on the serving cells, and are then indexed in an ascending order of start times of the search space sets. For indexing within a serving cell for a same start time of search space sets, if the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs and is provided CORESETPoolIndex with value 1 for one or more second CORESETs on an active DL BWP of a serving cell, and is provided ACKNACKFeedbackMode = JointFeedback for the active UL BWP, PDCCH monitoring occasions for the first CORESETs are indexed prior to PDCCH monitoring occasions for the second CORESETs. The cardinality of the set of PDCCH monitoring occasions defines a total number M of PDCCH monitoring occasions. 

A value of the counter downlink assignment indicator (DAI) field in DCI formats denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated with the DCI formats is present up to the current serving cell and current PDCCH monitoring occasion, first in ascending order of serving cell index and then in ascending order of PDCCH monitoring occasion index m, where 0 ≤ m < M. If, for an active DL BWP of a serving cell i, the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, and is provided ACKNACKFeedbackMode = JointFeedback, the serving cell is indexed with  i an d i + 1 corresponding to the first CORESETs and the second CORESETs, respectively.
The value of the total DAI, when present [5, TS 38.212], in a DCI format denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated with DCI formats is present, up to the current PDCCH monitoring occasion and is updated from PDCCH monitoring occasion to PDCCH monitoring occasion. If, for an active DL BWP of a serving cell i, the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, and is provided ACKNACKFeedbackMode = JointFeedback, the serving cell is indexed with i and i + 1 corresponding to the first CORESETs and the second CORESETs, respectively.
…
< Unchanged parts are omitted >
where 

-
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-
if the UE does not detect any DCI format that includes a total DAI field in a last PDCCH monitoring occasion within the [image: image37.wmf]M

 PDCCH monitoring occasions where the UE detects at least one DCI format scheduling PDSCH reception or indicating SPS PDSCH release for any serving cell [image: image38.wmf]c
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-
if the UE detects at least one DCI format that includes a total DAI field in a last PDCCH monitoring occasion within the [image: image40.wmf]M

 PDCCH monitoring occasions where the UE detects at least one DCI format scheduling PDSCH reception or indicating SPS PDSCH release for any serving cell [image: image41.wmf]c
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if, for an active DL BWP of a serving cell i, the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, and is provided ACKNACKFeedbackMode = JointFeedback, [image: image43.wmf]DL
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< Unchanged parts are omitted >

-------- end of the TP 5-------




4 Conclusion

The following summarizes the observations and proposals in this contribution.
Proposal 1: A Release-16 UE incapable of simultaneously monitoring two default TCI states follows the Release-15 UE behavior for default QCL assumption.

Proposal 2: A UE behavior is specified for the case where scheduling offset < timeDurationForQCL and only one TCI state is indicated by the DCI.
Proposal 3: For TDM Scheme A, all PDSCH transmission occasions are of PDSCH mapping type B.

Proposal 4: For TBS determination of PDSCH, [image: image45.png]N:h



 is specified as the number of symbols [image: image47.png]


 indicated in SLIV of DL DCI.
Proposal 5: For CRS rate matching, propose the default behaviour as indicated by CRS-PatternList-r16 in ServingCellConfig when CRSPatternList-CORESETPoolIndex is not configured

Proposal 6: Support to use the Rel. 15 definition of PDCCH monitor occasions and align the DAI definition to the pseudo codes.
Proposal 7: When the UE determines a number of HARQ-ACK information bits [image: image48.wmf]ACK
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 for obtaining a transmission power for a PUCCH, the case for M-DCI M-TRP should be clarified as[image: image49.wmf]1
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