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1. Introduction
We have the following email thread:
[100e-NR-eMIMO-multiTRP-01] Email discussion/approval on configuration of new DMRS table entry {0,2,3} for single-PDCCH based multi-TRP transmission and on the operation of default TCI-state of PDSCH reception in single-PDCCH based systems by 2/28; if there is a spec impact, followed by endorsing the corresponding TP by 3/3 – Li (OPPO)
In this contribution, we summarize the discussions and outcomes of this email thread.
2. Summary of Discussions
2.1. The Issue of new DMRS entry {0,2,3}
1 
We made the following agreements on the design of DMRS entry {0,2,3} for single-PDCCH based multi-TRP transmission:
	Agreement @RAN1#98bis
For DMRS type-1, for layer combination 1+2, at least support DMRS entry {0,2,3} with 2 CDM groups without data 

Agreement @RAN1#99
DMRS entry {0, 2, 3} can be expected by the UE only when two TCI states are indicated

Agreement @RAN1#99
For DMRS type-2, for layer combination 1+2, at least support DMRS entry {0,2,3} with 2 CDM groups without data
· {0,2,3} is used assuming SU-MIMO 
For DMRS type-1, {0,2,3} is used assuming SU-MIMO 



For the new DMRS entry {0,2,3}, TS 38.212-g00 introduces a set of new antenna port table 7.3.1.2.2-1A/2A/3A/4A, which includes the newly agreed DMRS entry {0,2,3} in addition to those entries supported in release 15.  Companies [2][4][7][16][17] explain that current specification does not specify how and when to apply the new tables. Among them, two companies [4][16] also propose to update the 7.3.1.2.2-1A/2A/3A/4A. [4] suggests that two DMRS tables are not necessary and the new entry of {0,2,3} can be just added into the Table of release 15, and the DMRS port {0,2,3} can be used only when two TCI-states are indicated. [16] suggests that all the entries with 2-symbol shall be listed after all the entries with 1-symbol, as the same principle used in release 15 DMRS table and thus [16] suggests to re-arrange the entries in the DMRS tables 7.3.1.2.2-1 2A/4A. All these contribution [2][4][7][16][17] proposes TP to update the specification to specify how and when to apply the new table or new entry of {0,2,3}. Generally, the method they propose can be categorized into two alternatives.
Draft proposal#A-1: Regarding the DMRS table with entry {0,2,3},
· Alt1: Re-arrange the entries in tables 7.3.1.2.2-2A/4A by moving the entry of {0,2,3} to be before all the entries of 2-symbol. New table is used when MAC CE indicates at least one TCI point corresponding to two TCI-states. ([16]) 
· Alt2: Delete the tables 7.3.1.2.2-1A/3A/2A/4A and add the entry of {0,2,3} to the end of release 15 tables. Antenna ports {0,2,3} can be assigned only when the DCI TCI codepoint indicates two TCI-states. ([4])
· Alt3: New table is used if two TCI-states are indicated by the TCI codepoint in DCI. ([2])
· Alt4: New table is used if MAC CE indicates at least one TCI codepoint corresponding to two TCI-states. ([7])
· Alt5: New table is used when UE supports two TCI states by MAC CE ([17])
The views of Companies on these Alts are summarized as follows: 
	Company
	Views and comments

	Apple
	We support a combination of Alt4 and Alt5.
The first step is that UE to report whether it supports two TCI states by MAC CE (Alt5), then after gNB configures two TCI states by MAC CE, port combination {0, 2, 3} can be used.

	ZTE
	If we don’t consider re-arranging the entries in Alt.1,  Alt 1, 4 and 5 are the same. That is, new table is used if MAC CE indicates at least one TCI codepoint corresponding to two TCI-states. So our suggestion to update the above candidates as follows
· Alt1: Delete the tables 7.3.1.2.2-1A/3A/2A/4A and add the entry of {0,2,3} to the end of release 15 tables. Antenna ports {0,2,3} can be assigned only when the DCI TCI codepoint indicates two TCI-states. ([4])
· Alt2: New table is used if two TCI-states are indicated by the TCI codepoint in DCI. ([2])
· Alt3: New table is used if MAC CE indicates at least one TCI codepoint corresponding to two TCI-states. ([7])
Among these three options, our first preference is Alt. 2, the second preference is Alt. 3.

	NEC
	We support Alt.2, which is more aligned with the agreement.

	DOCOMO
	Support Alt4.
Regarding the DMRS table, it’s better not to reopen the issue whether new table or legacy table should be used. The only issue is how to distinguish which table to use, i.e., Alt.3, Alt.4 and Alt.5. Among these alternatives, our preference is   Alt4. 

	Spreadtrum
	Support Alt4.

	Nokia
	Alt.2 or Alt.5

	vivo
	Alt. 2 or whether the UE can is applying the new table depends on the UE feature (Alt. 5).
A Rel-16 UE only needs to be configured with one DMRS table with the new entry of {0,2,3} added to the end of Rel-15 tables, which is the purpose of the reserved entries for the additional ones. As a matter of fact, no DMRS table switching is needed to simplify the UE implementation. The network can indicate the new entry to a Rel-16 UE supporting two TCI states in one codepoint. And this surely has no impact on the legacy UEs.

	Samsung
	Support Alt4.

	CMCC
	We are open to either introduce the new tables 7.3.1.2.2-1A/3A/2A/4A or add the entry of {0,2,3} to the end of release 15 tables.
In current spec, “at least one TCI codepoint corresponding to two TCI-states” has been used as a condition for single-DCI based multi-TRP transmission, which can also be used for DMRS new table or new entry application.
For Alt2 or Alt3, we are confusing if tci-PresentInDCI is not configured, how to work?

	OPPO
	Alt 2. Alt 3 is secondary choice. Firstly, we don’t think DMRS table switching is needed. For Rel-16 UEs, one table is sufficient. Even for Alt 4 or Alt.5, the new entry can only be used when two TCI states are indicated by DCI, and the remaining entries will be used if only one TCI state is indicated. Then why we need one more table? Secondly, the agreement is that “DMRS entry {0, 2, 3} can be expected by the UE only when two TCI states are indicated.” If two TCI states are activated by MAC CE for some TCI field but not indicated by DCI, the new entry should not be used. Alt 4 and 5 are not consistent with the current agreement.
In Alt.2, Antenna ports {0,2,3} can be assigned only when the DCI TCI codepoint indicates two TCI-states. For other cases, including when tci-PresentInDCI is not configured, it is natural that {0,2,3} cannot be used.

	LGE
	Support Alt. 2. 

	Ericsson
	Support Alt. 2.

	CATT
	Support Alt. 4.
It should be noted that in Alt. 2, when the TCI field in DCI indicates two TCI states, the activated DMRS table is still a new one, although it can merged with the old one.  
Therefore, there is no benefit with the merged DMRS tables in Alt. 2, and Alt. 4 is a more straightforward way.

	Lenovo/Motorola Mobility
	Support Alt. 2.

	HW
	Support Alt.4. It may be related to the discussion of A2 depending on default Multi-TRP transmission and default conditions, i.e. tci-PresentInDCI is not configured.
For Alt.5, we can discuss further in UE capability once RAN1 is relatively clearer.

	Convida Wireless
	Support Alt. 4.

	Intel
	Alt 2 (we think simpler and cleaner). Propose to clarify: Antenna ports {0,2,3} can be assigned only when the TCI field in the same DCI indicates two TCI-states.

	QC
	There are three separate issues:
· Issue 1: Merge DMRS tables or not
· Issue 2: If not merging DMRS tables (use the new DMRS tables), what should be arrangement of the rows
· Issue 3: The condition for using new DMRS tables / new DMRS entries
If we distribute these separate issues into alternatives that deal with only some of the issues, the discussions will not be efficient.
For Issue 1 and 3, we prefer Alt4. For issue 2, we think arranging the entries should be consistent with the Rel. 15 approach (entries with one DMRS symbol should be listed first). Hence, for issue 2, we only support Alt1. 

	MediaTek
	Support Alt 2. Since the Rel-15 tables have some reserved codepoints, it suffices to add the entry of {0, 2, 3} to the end of release 15 tables. We do not see any issue of backward compatibility.



2.2. The Issue of default TCI-state
 [2][3][14] address the issue of default TCI-state for single-PDCCH based PDSCH transmission and provide TP accordingly. 
[3] and [14] discussed the default QCL assumption for PDSCH in single-PDCCH based multi-TRP when tci-PresentInDCI is not configured, i.e., TCI filed not present the DCI. They propose two different methods for that and they are summarized as follows:
Draft proposal#A-2: In single-PDCCH based multi-TRP system, when tci-PresentInDCI is not configured
· Alt 1: When scheduling offset is less than timeDurationForQCL, the default TCI-states are the two TCI-states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. ([14])
· Alt2: When the scheduling offset is less than timeDurationForQCL, the UE determines the default TCI-state as follows: ([3])
· The default TCI-state is the TCI-state of the CORESET for PDCCH transmission, if the TCI-state of CORESET is one of the two TCI-states corresponding to the lowest DCI codepoint among the TCI codepoints containing two different TCI states.
· Otherwise, the default TCI-state is the first TCI-state of the two TCI-states corresponding to the lowest DCI codepoint among the TCI codepoints containing two different TCI states
· Alt3: When scheduling offset is less than timeDurationForQCL, the default TCI-state is the first one of the two TCI-states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
· Support by ZTE
· Alt4: When scheduling offset is less than timeDurationForQCL, Rel-15 behavior is followed, i.e., the default TCI-state is the TCI-state of CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
· Supported by Spreadtrum

The views of companies on these Alts are summarized as follows:
	Company
	Views and comments

	Apple
	Our understanding is that Alt1 is aligned with agreement. One thing we should note is that in the agreement, the default beam behavior has nothing to do with the value of tci-PresentInDCI.
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.


	ZTE
	[bookmark: OLE_LINK2]In the case when tci-PresentInDCI is not present, single TRP transmission should be used instead of always MTRP. So we support another solution as shown in the new Alt.3, i.e. the first of two TCI states corresponding to the lowest DCI codepoint. 

	NEC
	We share similar view with ZTE, that in case of tci-PresentInDCI not configured, single TRP transmission should be used. 
We are fine with new Alt. 3 proposed by ZTE.

	DOCOMO
	Support Alt1.
We share the same view as Apple that Alt1 is aligned with the agreement we have made in RAN1#99 and default TCI state has nothing to do with the value of tci-PresentInDCI.
In addition, the agreements clearly say that 	“If all the TCI codepoints are mapped to a single TCI state, then Rel-15 behavior is followed”, i.e., if all the TCI codepoints are mapped to a single TCI state, UE assumes single default beam as in Rel.15. So whether UE assume single default beam or multiple default beam is based on MAC CE rather than based on the value of tci-presentInDCI.

	Spreadtrum
	Sharing similar view with ZTE, we also think that when tci-PresentInDCI is not present, single TRP transmission should be used. For single TRP case with tci-PresentInDCI not present, Rel-15 has specified the corresponding solution, i.e., the default TCI-state is the TCI-state of CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
Thus, we support Alt4 added by Spreadtrum. It aligned well with present specification.

	Nokia
	Similar view as ZTE. 
We could also have, 
UE is not expected to receive new MAC-CE (to activate two TCI states) if the tci-PresentInDCI is not configured. 

	vivo
	Support Alt2.
The case of scheduling by DCI format 1_0, in which no TCI field is present, should be discussed together.
According to the agreement, a UE buffers with the two default different TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states during the time between the reception of the PDCCH and timeDurationForQCL. 
The issue is: when the UE finds that the TCI field is not present after decoding DCI, use which buffered signal from the two buffered signals, each corresponding to a TCI state. 
“The default TCI-state is the TCI-state of the CORESET for PDCCH transmission, if the TCI-state of CORESET is one of the two TCI-states corresponding to the lowest TCI codepoint among the TCI codepoints containing two different TCI states” would cause better reception performance than simply applying the first TCI state of the two TCI states in the lowest TCI codepoint because the PDCCH has been correctly received by the TCI state. And this behavior won’t cause any problem since the UE has buffered signals with both TCI states.
Alt4 is not workable, because if at least one TCI codepoint contains two TCI states, the UE use the TCI-states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states which are activated for PDSCH, independent of TCI state is present or not. Because the default QCL under such condition should be consistent before decoding DCI.

	Samsung
	We think the current spec. already works according to Alt1 and no further spec. change is needed. In the captured spec, there’s no condition on tci-PresentInDCI so that the captured spec applies regardless of whether tci-PresentInDCI is configured or not. It is also consistent with Rel-15 default beam behavior when offset < timeDurationForQCL, which has the same behavior regardless of whether tci-PresentInDCI is configured or not.
	[TS38.214 Section 5.1.5]
If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI states for the serving cell of scheduled PDSCH contains the 'QCL-TypeD', and at least one TCI codepoint indicates two TCI states, 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.


BTW, in our understanding, the PDSCH scheduled by a CORESET without tci-PresentInDCI is from a single TRP. So, this is the same issue with proposal #A-3 and the same solution shall be applied.

	OPPO
	Alt.4. When tci-PresentInDCI is not configured, single TRP transmission should be assumed, and it is natural to follow Rel-15 behavior. The TCI states activated by MAC CE are meaningless and would never be indicated. Actually gNB may not activate any TCI state if tci-PresentInDCI is not configured (e.g. for FR1). In this case Alt.1-3 can’t work at all, and Rel-15 behavior should be used. The current description in spec. doesn’t cover the case when no TCI state is activated by MAC CE, which was supported in Rel-15.
For DCI format 1_0, we think it should be discussed together with proposal A-3, since tci-PresentInDCI is configured by RRC but DCI format is blindly detected by UE. Before detecting the DCI, the DCI format is unknown to UE, and UE can’t buffer data based on an unknown assumption.

	LGE
	Support Alt. 4. We also think that single TRP transmission should be assumed when tci-PresentInDCI is not configured. For this purpose, a UE can follow Rel-15 behavior. 

	Ericsson
	If a UE receives a Rel-16 MAC-CE that maps at least one TCI codepoint to two TCI states, then as per agreement in RAN1#99, the UE will buffer using the two default TCI states indicated in the Rel-16 MAC-CE.  Then, we are not sure how Alt 4 will work (i.e., the UE will not be using the Rel-15 default TCI-state to buffer once it has received the Rel-16 MAC CE).
In our view, the possible solution should be either Alt 2 or Alt 3.  We think Alt 3 is simpler and hence we prefer Alt 3.


	CATT
	Agree with Samsung that the agreement regarding default QCL for S-DCI case, i.e., Alt. 1, has already been captured in spec. 
In addition, draft proposal #A-2 should be revised as
Draft proposal#A-2: In single-PDCCH based multi-TRP system, when tci-PresentInDCI is not configuredscheduling offset is less than timeDurationForQCL

	Lenovo/Motorola Mobility
	We support Alt. 4.
When tci-PresentInDCI is not configured, the UE does not expect to receive the MAC-CE to activate two TCI states for one TCI filed and single-TRP should be assumed. So the Rel-15 behavior should be followed by the UE. 

	Huawei/Hisilicon
	Support Alt 1. In Rel-15, when condition “scheduling offset less than TimeDurationForQCL” is met, that condition has taken the highest priority so that the same default TCI-state (the lowest CORESET ID) is applied regardless tci-PresentInDCI is configured or not. Please note that the condition of tci-PresentInDCI is applied only when the scheduling offset is equal or greater than threshold timeDurationForQCL in Rel-15. 
For simplicity and backward compatibility, Rel-16 should adopt the same design methodology for default beams, i.e. introducing more and more conditions to solve issues between Rel-15 and Rel-16. 
Therefore when the scheduling offset is less than the threshold timeDurationForQCL, default one or two TCI-states are applied depends on activated TCI codepoints with TCI-states. If at least one TCI codepoint indicates two TCI states (i.e., in M-TRP case), that TCI codepoint with two  TCI-states should be applied following Rel-16. Otherwise, one TCI-state is applied following Rel-15. Therefore the switching between default single and default multiple TRP operation is done by MAC-CE, if the scheduling offset is less than the threshold timeDurationForQCL.
Therefore Alt 1 is the simplest solution so far. 

	Convida Wireless
	Support Alt 4.
If tci-PresentInDCI is not configured, the network doesn’t have to activate TCI states by MAC CE. Hence, the TCI codepoints would be undefined. Alt 4 works also in this case. 

	Intel
	Alt-1, but same view as Samsung that no specification changes are required. If tci-PresentInDCI is not configured for the CORESET single TRP PDSCH can be scheduled without any specification changes. The only issue we need to address is #A-3. Alt-2 is not clear as UE monitors multiple CORESETs in a slot– (which CORESET?), also Alt-2 default beam may switch from slot to slot which is not aligned with the agreement for S-DCI MTRP default beam operation. Alt-3 does not allow 1-TRP PDSCH transmission before the offset from one of the TRPs which defeats the purpose of setting up 2 default beams by MAC-CE TCI indication in the first place (the gNB could have simply used Rel-15 default beams then!)

	QC
	We do not think RAN1 should come up with rules for any combinations / corner cases without clear justification. One clear reason for this proposal is fallback DCI (which is not the same as when tci-PresentInDCI is not configured). 
For fallback DCI, we support Alt3. We cannot leave this to UE implementation. Unless if we assume multi-TRP transmission in this case, UE needs to know which default QCL assumption should be used for PDSCH. We are not changing the default QCL assumptions, but we should say which one out of the two default QCL assumption. Please see more comments related to similar issue in the next issue.
For other cases (some CORESETs are configured with tci-PresentInDCI while other CORESETs are not), what is the use case? Note that the situation is different than Rel. 15 since for single-DCI based mTRP, there needs to be at least one CORESET with configured with tci-PresentInDCI. Otherwise, mTRP operation is not possible for scheduling offset>threshold. Hence, our view is that the mixed case (some CORESETs are configured with tci-PresentInDCI while other CORESETs are not) does not need specification if there is no use case for it. It should be simply an error case.  

	MediaTek
	We prefer Alt 1. If the gNB wants to have multi-TRP operation, then it can have at least one codepoint containing two TCI states. To have single-TRP operation is also straightforward, the gNB simply sends a MAC-CE without codepoint containing two TCI states. Alt 1 is flexible to allow both single-TRP and multi-TRP operations when tci-PresentInDCI is not configured. Similar to the single-TRP case, the default behavior is the same regardless whether tci-PresentInDCI is configured or not. 
If the majority view is that single-TRP transmission should be assumed when tci-PresentInDCI is not configured, then Alt. 4 is acceptable to us with the clarification: “When tci-PresentInDCI is not configured, the UE is not expected to receive an activation command mapping two TCI-states into one codepoint.”

	ASUS
	We share same view as Apple, DOCOMO and Samsung. The Rel-16 default beam for scheduling offset below threshold should be applied regardless of whether TCI field is present or not. Furthermore, tci-PresentInDCI is configured per CORESET. Our understanding is that once one CORESET is configured with tci-PresentInDCI, network should sent MAC-CE to activate TCI states. 
We think one left issue may be the default beam for PDSCHs scheduled by S-DCI when URLLC repetition scheme is enabled. 


Both [2] and [3] discussed the issue that, for a PDSCH with scheduling offset < timeDurationForQCL, which TCI-state shall be applied to the PDSCH if the DCI only indicates on TCI-state. [2] propose in this case, the UE shall apply the first TCI-state of the two TCI-states corresponding to the lowest codepoint containing two different TCI states. And [3] proposes that in this case the UE shall first determine whether the indicated TCI-state is one of those two default TCI-states: if the indicated TCI-state is one of those two TCI-states, the UE then applied the indicated TCI-state, otherwise, the UE applies the first one of those two default TCI-state. So, there are two different alternatives to resolve this issue:
Draft proposal#A-3: In single-PDCCH based multi-TRP system, for a PDSCH with scheduling offset < timeDurationForQCL, if one TCI-state is indicated by the DCI, the UE shall do:
· Alt1: The UE applies the first TCI-states of the two TCI-states corresponding to the lowest codepoint containing two different TCI-states ([2])
· Alt2: 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 ([3])
· [bookmark: _GoBack]Alt3: The UE applies the TCI states corresponding to the lowest codepoint containing two different TCI-states if at least one of TCI codepoints is mapped to two different TCI-states and, otherwise, Rel-15 behavior is followed.
· Supported by Spreadtrum
The views of companies on these Alts are summarized as follows:
	Company
	Views and comments

	Apple
	Neither Alt1 or Alt2. It should be up to UE implementation. 
UE has used two TCI states to buffer data, so it can decode PDSCH based on any of or both of them. The indicated TCI-state should be ignored, as the way we used in Rel-15.

	ZTE
	Support Alt.1 for simplicity
If this issue is not fixed, single TRP will not be supported in the case when default beam is used. Based on this proposal, UE firstly uses two beams to buffer data, then the actual number of beams used for data detection/decoding can be either one or two and depends on the DCI. 

	NEC
	Support Alt. 1

	DOCOMO
	Neither Alt1 nor Alt2. Even in Rel.15, the spec. doesn’t specify any UE behavior for TCI state used for PDSCH demodulation after UE decodes the DCI which can be up to UE implementation.

	Spreadtrum
	According to RAN1#99 agreement below,
Agreement(RAN1#99) 
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.
it could be concluded that:
· If at least one of codepoints is mapped to two different TCI-states, then UE will use the TCI-states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states which are activated for PDSCH regardless of TCI-state indicated by DCI.
· If all codepoints are mapped to a single TCI state, then Rel-15 behavior is followed.
Thus, we support Alt.3 added by Spreadtrum. It aligned well with agreements.

	Nokia 
	Similar views as Apple and Docomo. 
Even without this proposal, it is hard to say that single TRP will not be supported in the case when default beam is used. The network can also schedule larger offset. 

	vivo
	Support Alt2.
We don’t think it is up to UE implementation. Because the TRPs and UE should have same default TCI state for the PDSCH to transmit or receive on to help the UE try to decode the PDSCH correctly.
The reason to support Alt2 is similar to the one given in what we have shown in Draft proposal#A-2, i.e., to achieve better performance by using the TCI state of the PDCCH if it is one of the two TCI-states corresponding to the lowest TCI codepoint among the TCI codepoints containing two different TCI states.

	Samsung
	Same understanding with Apple, Docomo, and Nokia. There’s no change on UE default beam behavior by either selecting Alt1 or Alt2 or nothing, since UE will always buffer data according to two default TCI states to prepare PDSCH reception from multi-TRPs. After DCI is decoded and UE finds out that the PDSCH is from a single-TRP, it can apply the default TCI states, e.g., one-by-one, to decode the PDSCH.

	OPPO
	Similar views as Apple, Nokia, Samsung and DOCOMO. Current spec is sufficient to cover the cases of different DCI formats and different number of TCI states.
The current default TCI states in spec are used for data buffering. After buffering how to decode data is up to UE implementation. UE can select which TCI state(s) to use for decoding based on the detection result of DCI. For example, if DCI format 1_0, or DCI format 1_1 with single TCI state is detected, UE can use one or both of the default TCI states for decoding. If DCI format 1_1 with two TCI states is detected, UE can use two default TCI states for decoding directly. 

	LGE
	We have the similar view as Apple, Nokia, Samsung, DOCOMO and OPPO. This issue can be solved by UE implementation. 

	Ericsson
	Similar to the comments made by many companies above, we also think this issue can be solved by UE implementation.  So we propose to conclude this issue as follows:
Suggested Conclusion:
In single-PDCCH based multi-TRP system, for a PDSCH with scheduling offset < timeDurationForQCL, if one TCI-state is indicated by the DCI, which of the two default TCI-states should be applied by the UE is up to UE implementation.

	CATT
	Current spec. is sufficient.
If single-TRP is to be used, the network can allocate DMRS ports within one CDM group. The UE can buffer data with two default TCI states, if at least one TCI codepoint is mapped to two TCI states, and then as the mapping between TCI state and allocated CDM group is defined, single-TRP transmission can still be supported even with two indicated TCI states.

	Lenovo/Motorola Mobility
	We share the similar views as Apple, Nokia, Samsung, DOCOMO, OPPO and LGE. This issue should be left to UE implementation.

	ZTE2
	In the current 38.214, PDSCH DMRS are always QCLed with two TCI states. That is, MTRP is always assumed when slot offset is smaller than the threshold. Our motivation is to support both single TRP and MTRP.    So our proposed change is as follows
-----------------38.214---------------------
If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI states for the serving cell of scheduled PDSCH contains the 'QCL-TypeD', and at least one TCI codepoint indicates two TCI states, 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 one or both of TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
-------------------------------------------------------
We agree UE has to use two default beams for data buffer. But in the decoding process, PDSCH DMRS may be QCLed with single TCI state. That is single TRP transmission.

	Huawei/Hisilicon
	Agree with Ericsson, LGE and other companies that this is an UE implementation issue like Rel-15.

	Convida Wireless
	Current spec is sufficient.

	Intel
	We also believe that the current specifications is sufficient. Note that the condition of #A-3 “if one TCI-state is indicated by the DCI” is feasible only after DCI decoding and after DCI decoding, UE behavior with respect to TCI states is clearly controlled by DCI and well-defined – no ambiguity here.

	QC
	It is not clear to us if this is just a UE implementation issue. Should UE randomly select one of the default QCLs (and corresponding buffered samples)? In this case performance will be poor if the randomly selected beam is not the beam that gNB actually used. Or should the UE do two parallel processing assuming single-TRP for both and see which one is better? In this case, UE complexity will be unreasonably high.
We think the first part of Al2 is reasonable while the last part (“otherwise, the UE applies the first TCI-state of the two TCI-states corresponding to the lowest codepoint containing two different TCI-states”) is unnecessary. Why would gNB indicates a third TCI state if it knows that scheduling offset is less than the threshold?
Hence we support the following: 
Alt2A: The UE expects that the indicated TCI-state is one of the two TCI-states corresponding to the lowest codepoint containing two different TCI-states and applies the indicated TCI-state.    

	MediaTek
	Our first preference is Alt 2, which is more flexible than Alt 1. QC’s proposal Alt 2A is also agreeable. Although technically it can be up to UE implementation, it is more implementation friendly if the DCI can directly indicate which TCI state is used by gNB for single-TRP operation. 
Alt 3 is also agreeable, which implies that UE assumes either single-TRP operation or multi-TRP operation whenever offset < timeDurationForQCL without the need of checking tci-PresentInDCI in the decoded DCI.  

	ASUS
	We share the same view as ZTE. We support Alt. 1, which provides benefits of switching between M-TRP transmission and S-TRP transmission by DCI even when scheduling offset is below threshold. 





3. Outcome
The following agreements were made for the email discussion [100e-NR-eMIMO-multiTRP-01].
 Agreement
The following text proposal for TS38.212 is endorsed. To be included in the editor’s CR for TS38.212.
	7.3.1.2.2              Format 1_1
< Unchanged parts are omitted >
·         Antenna port(s) – 4, 5, or 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A, where the number of CDM groups without data of values 1, 2, and 3 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively. The antenna ports <image003.png> shall be determined according to the ordering of DMRS port(s) given by Tables 7.3.1.2.2-1/2/3/4 or Tables 7.3.1.2.2-1A/2A/3A/4A. When a UE receives an activation command that maps at least one codepoint of DCI field 'Transmission Configuration Indication' to two TCI states, the UE shall use Tables 7.3.1.2.2-1A/2A/3A/4A, otherwise, it shall use Tables 7.3.1.2.2-1/2/3/4. The UE can is not expected to receive an entry with DMRS ports equals to 1000, 1002, 1003 when two TCI states are a single TCI state is indicated in a codepoint of the DCI field ‘Transmission Configuration Indication’ [and subject to UE capability].
< Unchanged parts are omitted >



Agreement
The following text proposal is endorsed for alignment CR on TS38.214.
	5.1.5       Antenna ports quasi co-location
< Unchanged parts are omitted >
 
Independent of the configuration of tci-PresentInDCI and tci-PresentInDCI-ForFormat1_2 in RRC connected mode, if no TCI codepoints are mapped to two different TCI states all the TCI codepoints are mapped to a single TCI state and the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, 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.
 
< Unchanged parts are omitted >
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