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1	Introduction
In RAN1#102e, the DAPS operation jointly with the multi-TRP was discussed [1], without firm conclusion. Following this, the issue was further discussed in RAN#89e [2] it was agreed that UE is not required to support simultaneous operation with multi-TRP and that RAN2 needs to decide the solution how this is achieved:
	RP-202020	Moderator's summary for email discussion 	Huawei
	[89E][37][DAPS_CA_mTRP]
covered Tdoc 1869
conclusion: proposals 1 & 2 were updated in email discussion [89E][37][DAPS_CA_mTRP] to
	
Proposal 1 (final2): UE is not required to support simultaneous operation of multi-DCI/single-DCI mTRP and DAPS in Rel-16. No UE capability is defined for this in Rel-16. 
	
Proposal 2 (final): Task RAN2 to decide on solution(s) to avoid that a Rel-16 UE operates simultaneously with multi-DCI/single-DCI mTRP and DAPS. RAN2 should strive to conclude in 2020/Q4.
	
and these proposals are endorsed




2	Disallowing DAPS when multi-TRP is configured
2.1	Multi-TRP operation in Rel-16 
The Rel-16 mTRP operation has two primary operation modes: Single-DCI and multi-DCI based multi-TRP. These then further divide into several smaller subfeatures (as shown in Annex A and B). The single-DCI based multi-TRP is based on repetition (configured by RRC) or dual TCI state operation with SDM (which is activated by MAC CE), whereas the multi-DCI based multi-TRP is based on network configuring UE to monitor two CORESET pool indexes (i.e. each CORESET can be assigned a separate spatial assumptions). The repetition and CORESET pool indexes can all be referred to via RRC, but the SDM-based single-DCI multi-TRP is not visible to RRC via configuration. Network knows whether it can use it via UE capabilities, but there is no explicit RRC parameter indicating it.
Observation 1: Depending on UE capabilities, Rel-16 multi-TRP operation can be achieved by either RRC or MAC signalling.
Specifically, we would note that it is entirely possible that UE may be "configured" with both single-DCI and multi-DCI multi-TRP, and switching occurs between these, as indicated by RAN1 LS R1-2007203:"Switching between single DCI based multi-TRP/panel and single TRP/panel is controlled by MAC-CE, not by RRC."
Observation 2: A UE may be configured to operate according to single-DCI or multi-DCI based multi-TRP at the same time, with MAC CE toggling the used multi-TRP operation mode.

2.2	Avoiding DAPS when multi-TRP is configured 
While in principle the single-DCI based multi-TRP could support DAPS, the RAN#89e decision explicitly decreed that (to save time in WGs) such option will not be considered in Rel-16. Therefore, it was decided that RAN2 should ensure network never utilizes multi-TRP and DAPS simultaneously, regardless of the multi-TRP flavor used. However, from RAN2 perspective, the single-DCI is specified in both RRC and MAC and multi-DCI multi-TRP is specified in RRC, this may require changes to both specifications, in addition to likely requiring changes to TS 38.306 as well.
Observation 3: Disabling simultaneous multi-TRP and DAPS operation requires changes to both RRC and MAC specifications.
However, as was noted already (multi-DC) multi-TRP is a property of a BWP, so UE may be configured with a BWP using multi-TRP but not utilizing that BWP at the moment (and hence, not utilizing multi-TRP, either). Similarly, since the SDM-based single-DCI multi-TRP is solely controlled by MAC CE (see TS38.321, subclauses 5.18.4 and 6.1.3.24) , there is no (RRC) configuration for the scheme such but a MAC CE may activate the usage of SDM-based multi-TRP for UEs capable of using that scheme. Therefore, as the RANP decision also states, RAN2 is tasked to disallow operation of simultaneous DAPS and multi-TRP but not (necessarily) the configuration of both.
Observation 4: Disallowing DAPS handover when UE is configured with multi-TRP does not work in all multi-TRP schemes, but in all cases, the simultaneous operation of multi-TRP and DAPS should be disallowed.
Finally, as was already discussed in RANP in the RP-201869, requiring network to always reconfigure UE to drop multi-TRP before being allowed to do a DAPS handover is undesirable: Multi-TRP can allow better cell edge performance in source cell, and DAPS can improve the handover robustness to target cell. It would be sufficient to simply implicitly disable the multi-TRP during the handover or assume that while multi-TRP is utilized, DAPS handover cannot be done but not tie this to the multi-TRP configuration. Further, since multi-TRP is a deployment decision (i.e. depends on how network DUs and antennas are deployed) and DAPS is an operational decision (i.e. depends on whether a particular UE supports and requires seamless handover), it's not reasonable (or even logical) to say that a deployment decision is not feasible in light of operational restrictions. It is fine to say that due to (multi-TRP) deployment, certain operation aspects (e.g. DAPS) have limitations, but it is normally required that UEs can be operated under any deployment. Hence, and implicit mechanism for a "fallback" to single TRP operation when DAPS is needed should be considered.
Observation 5: Requiring network to deconfigure multi-TRP first before allowing DAPS handover to be used will delay handover and may mean DAPS can never be used in a deployment utilizing multi-TRP.
Based on these, we propose the following:
Proposal 1: Clarify in RRC that DAPS is not allowed to be configured if UE is currently operating under BWP that uses multi-TRP operation (either single-DCI or multi-DCI).
Proposal 2: Clarify in MAC that UE behaviour for using SDM-based multi-TRP during DAPS handover is not specified.
2.3	MAC and RRC specification changes 
From MAC viewpoint, the interesting part is the MAC CE for Enhanced TCI States Activation/Deactivation for UE-specific PDSCH (i.e. TS38.321, subclause 6.1.3.24). 
From RRC viewpoint, it's easiest to focus on when the DAPS configuration is allowed, as that allows to focus the changes to the smallest part of the specifications. The TP below illustrates our proposal for this.
The TPs described in Annex C and D illustrates our proposals for MAC and RRC (respectively) : The MAC changes handle the single-DCI case, whereas the RRC changes handle the multi-DCI case.
Proposal 3: Agree to CRs containing the MAC and RRC TPs in this document.
3	Conclusion
We have discussed how to prohibit the operation of multi-TRP and DAPS together, with the following observations and proposals.
Observation 1: Depending on UE capabilities, Rel-16 multi-TRP operation can be achieved by either RRC or MAC signalling.
Observation 2: A UE may be configured to operate according to single-DCI or multi-DCI based multi-TRP at the same time, with MAC CE toggling the used multi-TRP operation mode.
Observation 3: Disabling simultaneous multi-TRP and DAPS operation requires changes to both RRC and MAC specifications.
Observation 4: Disallowing DAPS handover when UE is configured with multi-TRP does not work in all multi-TRP schemes, but in all cases, the simultaneous operation of multi-TRP and DAPS should be disallowed.
Observation 5: Requiring network to deconfigure multi-TRP first before allowing DAPS handover to be used will delay handover and may mean DAPS can never be used in a deployment utilizing multi-TRP.
Proposal 1: Clarify in RRC that DAPS is not allowed to be configured if UE is currently operating under BWP that uses multi-TRP operation (either single-DCI or multi-DCI).
Proposal 2: Clarify in MAC that UE behaviour for using SDM-based multi-TRP during DAPS handover is not specified.
Proposal 3: Agree to CRs containing the MAC and RRC TPs in this document.

Annex A: Single-DCI based multi-TRP capabilities

	FG Index
	Feature group
	Components
	Prerequisites
	Type (granularity)
	Optional/Mandatory?

	16-2b-0
	Two default beams for single-DCI based multi-TRP
	Support of default QCL assumption with two TCI states
	16-2c
	Per band
	Optional with capability signaling

	16-2b-1
	Single-DCI based SDM scheme
	1. Support of single-DCI based SDM scheme

	
	Per FS
	Optional with capability signaling

	16-2b-1b
	Single-DCI based SDM scheme – Support of new DMRS port entry
	1. Support of new DMRS port entry {0, 2, 3}
	16-2b-1
	Per band
	Optional with capability signaling

	16-2b-2
	Single-DCI based FDMSchemeA
	Support of single-DCI based FDMSchemeA

	
	Per band
	Optional with capability signaling

	16-2b-3
	Single-DCI based FDMSchemeB
	Support of single-DCI based FDMSchemeB
	
	 per FSPC
	Optional with capability signaling

	16-2b-3a
	Single-DCI based FDMSchemeB CW soft combining
	1. For FDMSchemeB, Support CW soft combining that UE can support
	16-2b-3
	per band
	Optional with capability signaling

	16-2b-4
	Single-DCI based TDMSchemeA
	1. Support of single-DCI based TDMSchemeA
2. Supported maximum TBS size for TDMSchemeA

	
	Per band
	Optional with capability signaling

	16-2b-5
	Single-DCI based inter-slot TDM
	1. Support of single-DCI based inter-slot TDM
2. Support of RepNumR16 in PDSCH-TimeDomainResourceAllocation and the maximum value of RepNumR16 
3. Supported maximum TBS size 
4.  Maximum number of TCI states
	
	Per band
	Optional with capability signaling




Annex B: Multi-DCI based multi-TRP capabilities
	FG Index
	Feature group
	Components
	Prerequisites
	Type (granularity)
	Optional/Mandatory?

	16-2a
	Multi-DCI based multi-TRP
	1. The maximum number of CORESETs configured per BWP per cell in addition to CORESET 0
2. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per BWP per cell in addition to CORESET 0
3. Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency 
4. Maximum number of unicast PDSCHs per CORESETPoolIndex per slot
	
	Per FSPC
	Optional with capability signaling

	16-2a-0
	Overlapping PDSCHs in time and fully overlapping in frequency and time
	1. Support PDSCHs with fully overlapping REs, i.e. the allocated REs for PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 0 and PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 1 are exactly the same REs 
2. The maximal number of PDSCH scrambling sequences per serving cell
	16-2a
	Per band
	Optional with capability signalling

	16-2a-1
	Overlapping PDSCHs in time and partially overlapping in frequency
	1. Support PDSCHs with partially overlapping REs, i.e. the allocated REs for PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 0 and PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 1 are partially overlapped, with at least one RE 
 
	16-2a-0
	Per band
	Optional with capability signalling

	16-2a-2
	Out-of-order operation for DL
	1. Support out-of-order operation for PDCCH to PDSCH
2. Support out-of-order operation for PDSCH to HARQ-ACK
	16-2a
	Per band
	Optional with capability signalling

	16-2a-3
	Out-of-order operation for UL
	1. Support out-of-order operation for PDCCH to PUSCH
	16-2a
	Per band
	Optional with capability signalling

	16-2a-4
	HARQ-ACK for multi-DCI based multi-TRP - separate
	1. Support of separate HARQ-ACK
2. The maximum number of long PUCCHs within a slot for separate HARQ-Ack
	16-2a
	Per UE
	Optional with capability signalling

	16-2a-4a
	HARQ-ACK for multi-DCI based multi-TRP - joint
	1. Support of joint HARQ-ACK 
	16-2a
	Per UE
	Optional with capability signalling

	16-2a-6
	Default QCL enhancement for multi-DCI based multi-TRP
	Support of default QCL assumption per CORESETPoolIndex
	16-2a and 16-2c
	Per band
	Optional with capability signalling





Annex C: MAC TP for prohibiting simultaneous operation of DAPS and Multi-DCI 
[bookmark: _Toc29239866][bookmark: _Toc37296228][bookmark: _Toc46490355][bookmark: _Toc52752050][bookmark: _Toc52796512][bookmark: _Toc534933497][bookmark: _Toc37296301][bookmark: _Toc46490432][bookmark: _Toc52752127][bookmark: _Toc52796589]5.18.4	Activation/Deactivation of UE-specific PDSCH TCI state
The network may activate and deactivate the configured TCI states for PDSCH of a Serving Cell or a set of Serving Cells configured in simultaneousTCI-UpdateList1-r16 or simultaneousTCI-UpdateList2-r16 by sending the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE described in clause 6.1.3.14. The network may activate and deactivate the configured TCI states for a codepoint of the DCI Transmission configuration indication field as specified in TS 38.212 [9] for PDSCH of a Serving Cell by sending the Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE described in clause 6.1.3.24. 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 a TCI States Activation/Deactivation for UE-specific PDSCH MAC CE on a Serving Cell:
2>	indicate to lower layers the information regarding the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE.
1>	if the MAC entity receives an Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE on a Serving Cell:
[bookmark: _GoBack]2>	indicate to lower layers the information regarding the Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE.
NOTE 1:	UE behaviour during DAPS handover when Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE is used is not specified in Rel-16.



Annex D: RRC TP for prohibiting simultaneous operation of DAPS and Multi-DCI 
[bookmark: _Toc46439535][bookmark: _Toc46444372][bookmark: _Toc46487133][bookmark: _Toc52837011][bookmark: _Toc52838019][bookmark: _Toc53006659]6.3.2	Radio resource control information elements
<UNNECESSARY PARTS OMITTED>
[bookmark: _Toc46439715][bookmark: _Toc46444552][bookmark: _Toc46487313][bookmark: _Toc52837191][bookmark: _Toc52838199][bookmark: _Toc53006839]–	RadioBearerConfig
The IE RadioBearerConfig is used to add, modify and release signalling and/or data radio bearers. Specifically, this IE carries the parameters for PDCP and, if applicable, SDAP entities for the radio bearers.
RadioBearerConfig information element
-- ASN1START
-- TAG-RADIOBEARERCONFIG-START

RadioBearerConfig ::=                   SEQUENCE {
    srb-ToAddModList                        SRB-ToAddModList                                        OPTIONAL,   -- Cond HO-Conn
    srb3-ToRelease                          ENUMERATED{true}                                        OPTIONAL,   -- Need N
    drb-ToAddModList                        DRB-ToAddModList                                        OPTIONAL,   -- Cond HO-toNR
    drb-ToReleaseList                       DRB-ToReleaseList                                       OPTIONAL,   -- Need N
    securityConfig                          SecurityConfig                                          OPTIONAL,   -- Need M
    ...
}

SRB-ToAddModList ::=                    SEQUENCE (SIZE (1..2)) OF SRB-ToAddMod
SRB-ToAddMod ::=                        SEQUENCE {
    srb-Identity                            SRB-Identity,
    reestablishPDCP                         ENUMERATED{true}                                        OPTIONAL,   -- Need N
    discardOnPDCP                           ENUMERATED{true}                                        OPTIONAL,   -- Need N
    pdcp-Config                             PDCP-Config                                             OPTIONAL,   -- Cond PDCP
    ...
}

DRB-ToAddModList ::=                    SEQUENCE (SIZE (1..maxDRB)) OF DRB-ToAddMod

DRB-ToAddMod ::=                        SEQUENCE {
    cnAssociation                           CHOICE {
        eps-BearerIdentity                      INTEGER (0..15),
        sdap-Config                             SDAP-Config
    }                                                                                               OPTIONAL,   -- Cond DRBSetup
    drb-Identity                            DRB-Identity,
    reestablishPDCP                         ENUMERATED{true}                                        OPTIONAL,   -- Need N
    recoverPDCP                             ENUMERATED{true}                                        OPTIONAL,   -- Need N
    pdcp-Config                             PDCP-Config                                             OPTIONAL,   -- Cond PDCP
    ...,
    [[
    daps-Config-r16                         ENUMERATED{true}                                        OPTIONAL     --Need N
    ]]
}
DRB-ToReleaseList ::=                   SEQUENCE (SIZE (1..maxDRB)) OF DRB-Identity

SecurityConfig ::=                      SEQUENCE {
    securityAlgorithmConfig                 SecurityAlgorithmConfig                                 OPTIONAL,   -- Cond RBTermChange1
    keyToUse                                ENUMERATED{master, secondary}                           OPTIONAL,   -- Cond RBTermChange
    ...
}

-- TAG-RADIOBEARERCONFIG-STOP
-- ASN1STOP

	DRB-ToAddMod field descriptions

	cnAssociation
Indicates if the bearer is associated with the eps-bearerIdentity (when connected to EPC) or sdap-Config (when connected to 5GC).

	daps-Config
Indicates that the bearer is configured as DAPS bearer.This field is optional present, need N, in case masterCellGroup includes ReconfigurationWithSync, MR-DC is not configured and ethernetHeaderCompression is not configured for the DRB. Otherwise the field is absent.
Network does not configure this field for any bearer in case the active BWP uses two different values for the coresetPoolIndex or maxNrofPorts-r16 is set to value "n2".

	drb-Identity
In case of DC, the DRB identity is unique within the scope of the UE, i.e. an MCG DRB cannot use the same value as a split DRB. For a split DRB the same identity is used for the MCG and SCG parts of the configuration.

	eps-BearerIdentity
The EPS bearer ID determines the EPS bearer.

	reestablishPDCP
Indicates that PDCP should be re-established. Network sets this to true whenever the security key used for this radio bearer changes. Key change could for example be due to termination point change for the bearer, reconfiguration with sync, resuming an RRC connection, or the first reconfiguration after reestablishment. It is also applicable for LTE procedures when NR PDCP is configured. Network doesn't include this field for DRB if the bearer is configured as DAPS bearer.

	recoverPDCP
Indicates that PDCP should perform recovery according to TS 38.323 [5]. Network doesn't include this field if the bearer is configured as DAPS bearer.

	sdap-Config
The SDAP configuration determines how to map QoS flows to DRBs when NR or E-UTRA connects to the 5GC and presence/absence of UL/DL SDAP headers.



	RadioBearerConfig field descriptions

	securityConfig
Indicates the security algorithm and key to use for the signalling and data radio bearers configured with the list in this IE RadioBearerConfig. When the field is not included after AS security has been activated, the UE shall continue to use the currently configured keyToUse and security algorithm for the radio bearers reconfigured with the lists in this IE RadioBearerConfig. The field is not included when configuring SRB1 before AS security is activated.

	srb3-ToRelease
Release SRB3. SRB3 release can only be done over SRB1 and only at SCG release and reconfiguration with sync.



	SecurityConfig field descriptions

	keyToUse
Indicates if the bearers configured with the list in this IE RadioBearerConfig are using the master key or the secondary key for deriving ciphering and/or integrity protection keys. For MR-DC, network should not configure SRB1 and SRB2 with secondary key and SRB3 with the master key. When the field is not included, the UE shall continue to use the currently configured keyToUse for the radio bearers reconfigured with the lists in this IE RadioBearerConfig.

	securityAlgorithmConfig
Indicates the security algorithm for the signalling and data radio bearers configured with the list in this IE RadioBearerConfig. When the field is not included, the UE shall continue to use the currently configured security algorithm for the radio bearers reconfigured with the lists in this IE RadioBearerConfig.



	SRB-ToAddMod field descriptions

	discardOnPDCP
Indicates that PDCP should discard stored SDU and PDU according to TS 38.323 [5].

	reestablishPDCP
Indicates that PDCP should be re-established. Network sets this to true whenever the security key used for this radio bearer changes. Key change could for example be due to reconfiguration with sync, for SRB2 when resuming an RRC connection, or at the first reconfiguration after RRC connection reestablishment in NR. For LTE SRBs using NR PDCP, it could be for handover, RRC connection reestablishment or resume. Network doesn't include this field if any DAPS bearer is configured.

	srb-Identity
Value 1 is applicable for SRB1 only. Value 2 is applicable for SRB2 only. Value 3 is applicable for SRB3 only.



	Conditional Presence
	Explanation

	RBTermChange
	The field is mandatory present in case of set up of signalling and data radio bearer and change of termination point for the radio bearer between MN and SN. It is optionally present otherwise, Need S.

	RBTermChange1
	The field is mandatory present in case of:
-	set up of signalling and data radio bearer,
-	change of termination point for the radio bearer between MN and SN,
-	handover from E-UTRA/EPC or E-UTRA/5GC to NR,
-	handover from NR or E-UTRA/EPC to E-UTRA/5GC if the UE supports NGEN-DC.
It is optionally present otherwise, Need S.

	PDCP
	The field is mandatory present if the corresponding DRB is being setup or corresponding DRB is reconfigured with NR PDCP or corresponding SRB associated with two RLC entities is being setup or if the number of RLC bearers associated with the DRB or SRB is changed. The field is optionally present, Need S, if the corresponding SRB associated with one RLC entity is being setup or corresponding SRB is reconfigured with NR PDCP; otherwise the field is optionally present, need M.

	DRBSetup
	The field is mandatory present if the corresponding DRB is being setup; otherwise the field is optionally present, need M.

	HO-Conn
	The field is mandatory present
-	in case of inter-system handover from E-UTRA/EPC to E-UTRA/5GC or NR,
-	or when the fullConfig is included in the RRCReconfiguration message and NE-DC/NR-DC is not configured,
-	or in case of RRCSetup.
Otherwise the field is optionally present, need N.
Upon RRCSetup, only SRB1 can be present.

	HO-toNR
	The field is mandatory present
-	in case of inter-system handover from E-UTRA/EPC to E-UTRA/5GC or NR,
-	or when the fullConfig is included in the RRCReconfiguration message and NE-DC/NR-DC is not configured.
In case of RRCSetup, the field is absent; otherwise the field is optionally present, need N.




