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Introduction
In last RAN4#100 meeting, RAN4 discussed the issue of capturing a clarification on applicability of MRTD/MTTD requirements for Multi-TRxP. The topic has been discussed for multiple meetings without agreement. In this paper we continue the discussion, present our view and provide a potential approach how to go forward.

Discussion
In RAN4 #100 RAN4 agreed the WF [1] in which following is agreed:
Agreements:
· Add a clarification on MRTD applicability to multi-TRxP scenario into RAN4 specification
· Option 2a: A UE shall be capable of handling a relative receive timing difference between slot timing boundaries of any one carrier and the closest slot timing boundary of another carrier in NR carrier aggregation; and if UE receives multiple PDSCHs within one of any of the two carriers, the UE shall be capable of handling a relative receive timing difference among the closest slot timing boundaries of two PDSCHs from respective carriers.
· [bookmark: _Hlk84773559]Option 2b: A UE shall be capable of handling a relative receive timing difference between slot timing boundaries of any one carrier and the closest slot timing boundary of another carrier in NR carrier aggregation; and if a UE is configured to receive multiple PDSCH from different TRP on the same carrier,  the UE shall be capable of handling a relative timing difference between any one of the slot timing boundaries of any one carrier with multiple PDSCH and the closest slot timing boundary of another carrier in NR carrier aggregation.
· Other options are not precluded
In RAN4#100, companies were encouraged to discuss further and provide a wording to the MRTD requirement to clarify the multi-TRxP scenario.

eMIMO framework
Our understanding of the scope of the eMIMO work is that when the feature was discussed and defined in RAN1, the scope of the discussion only considered mTRPs within the same carrier. Hence, RAN1 did only consider mTRP reception from TRPs deployed and operating on one and same carrier (i.e., intra-frequency reception).
A UE may be configured with eMIMO reception (mTRP reception) on more than 1 serving carrier. This means that eMIMO/mTRP reception is supported on more than 1 serving carrier and support CA. However, the mTRP reception is always per serving carrier, i.e. TRPs involved in mTRP are always using intra-frequency operation.
eMIMO mTRP reception is always constrained to be within/on one and same serving carrier (CC). 
To elaborate further on the different scenarios, we use the following figure:
[image: ]
Figure 1 Illustration of mTRP and/or CA reception [3]
In figure 1 the TRP1 and TRP2 illustrates two non-collocated TRPs where both are NR RAT’s TRPs. The TRPs illustrated can be seen as cells when discussing CA. We next look at three different scenarios:
1) CA reception: collocated and non-collocated scenario
2) mTRP reception on single serving carrier (single CC)
3) mTRP reception on multiple serving carriers (mTRP reception combined with CA)
Example 1: CA reception: collocated and non-collocated cell scenario:
In the first example we look at the CA scenario via two examples below: 
A. The UE is configured with CA in a collocated scenario using cells on CC1 and CC2 located at TRP1 (i.e. UE is configured with CA but not mTRP and both serving cells are using the same TRP). 
B. The UE is configured with CA in a non-collocated scenario using a cell on CC1 located at TRP1 and another cell on CC2 located at TRP2 (i.e. UE is configured with CA but not mTRP, but both serving cells are using different TRPs).
In both of the above cases, the MRTD requirements from Rel-15 for NR CA will apply. If the CC1 and CC2 are intra-band CCs, and hence the scenario is intra-band CA, the cells/TRPs used in CA must be collocated. If CC1 and CC2 are not intra-band CCs, the location of the cells used in the CA setup are not restricted in a similar manner, but the cells may be non-collocated.
However, MRTD requirements for CA are already defined in NR and applies to reception on different CC used in a CA configuration, regardless of mTRP operation.
[bookmark: _Hlk84935399]UE MRTD requirements for NR carrier aggregation applies for MRTD between the configured CCs.
Which scenario the UE supports is up to UE capability (i.e. intra-band and/or inter-band CA).
Example 2: mTRP reception on single serving carrier (single CC):
In this example we consider the basic (single-carrier) mTRP scenario:
C. The UE is receiving from more than one TRP (mTRP reception) on a single serving carrier (i.e. UE is configured with mTRP but not CA/DC). 
Hence, the UE is (only) receiving on CC1 from both TRP1 and TRP2. Our understanding is that this is the very basic scenario for which RAN4 has been discussing which UE Receive Time Difference (RTD) requirements should apply for mTRP reception.
[bookmark: _Hlk84935413]The single carrier mTRP/eMIMO scenario is the basic scenario for which RAN4 is discussing defining UE RTD requirements for mTRP/eMIMO.
It has been discussed in RAN4 to define UE requirements for the conditions under which the UE is assumed being able to receive from more than one TRP on a carrier. E.g., what would be the Receive Timing Difference (RTD) under which the UE is required to receive simultaneously from more than one TRP on a carrier. Currently, such UE requirements have not been defined but it has been left to UE implementation.
Example 3: mTRP reception on multiple serving carriers:
In this example we consider the scenario:
D. The UE is receiving from more than one TRP (mTRP reception) on more than one serving carrier (i.e. UE is configured with mTRP on several CA carriers). 
Hence, the UE is receiving from both TRP1 and TRP2 on CC1 and also additionally, receiving from both TRP1 and TRP2 on CC2 (i.e. this is example 2 applied to more than one serving carrier). 
However, as observed, mTRP/eMIMO reception has only been considered from TRPs within one and same carriers. This means, mTRP reception from TRP1 and TRP2 need to be considered separately per CC - the requirements for mTRP are considered separately for CC1 and CC2.
[bookmark: _Hlk84935455]UE RTD requirements for mTRP/eMIMO reception from TRP1 and TRP2 on multiple CCs (both TRPs in CC1 and both TRPs in CC2), when configured with CA, need to be considered separately per CC.
Whether the UE is capable of CA between CC1/cell1/TRP1 and CC2/cell2/TRP2 depends on the UE CA capability and whether the cells/TRPs on the CCs are co-located or not, and whether the UE supports the needed capability or not. Similar as discussed in example 1. Hence, the requirements for NR carrier aggregation applies for CA reception (as discussed in example 1). The mTRP reception requirements apply for mTRP reception per CC as discussed in example 2.
eMIMO/mTRP reception is only considered per CC. No cross-CC mTRP/eMIMO operation or requirements have been defined in Rel-16.
In a similar manner RAN4 also discussed the EN-DC scenario (figure 2) where the UE would be configured with EN-DC and in addition would be configured with eMIMO/mTRP reception on the NR CC. 
[image: ]
Figure 2 Illustration of mTRP and/or EN-DC reception [4]
This scenario is essentially the same as discussed in examples 1 – 3 except that instead of CA we are discussing DC together with mTRP reception. This means that the UE MRTD requirements for EN-DC applies for the EN-DC configuration only. Any UE RTD requirement for mTRP/eMIMO applies only for mTRP/eMIMO reception on the NR CC.
MRTD requirements for DC applies for MRTD between the configured CCs and are not applicable to eMIMO/mTRP operation.

MRTD for eMIMO
Based on the discussion in the former section we observed two main principles:
1) UE MRTD requirements for CA/DC applies for MRTD between the configured CCs. These requirements are already defined in 38.133 and are not impacted by mTRP/eMIMO.
2) mTRP reception is defined per CC and any UE RTD requirements for when configured with mTRP/eMIMO reception from TRP1 and TRP2 need to be considered separately per CC.
If RAN4 decide to define UE RTD requirements for mTRP/eMIMO scenario this need to be done in a way such that these requirements are defined for the mRTP/eMIMO scenario. Hence, considering only requirement related to reception on a single CC.
If UE is then additionally configured with CA or DC, the existing UE MRTD requirements for CA and/or DC applies for CA and/or DC reception only. Whether the UE can then support mTRP/eMIMO reception on a CC (in the configured CA/DC setup) will depend on whether the mRTP/eMIMO RTD requirement on that CC are fulfilled.
Based on this our view is that none of the two proposed TP options (option 2a or option 2b) proposed in RAN4#100 are accurate as they both imply cross-CC requirements for mTRP/eMIMO RTD requirements. 
The two proposed TP options (option 2a or option 2b) are not accurate as they both imply cross-CC mTRP/eMIMO RTD requirements.
Hence, RAN4 will need to discuss an alternative wording for capturing the UE RTD requirements for mTRP/eMIMO scenario, if RAN4 decides to capture such requirements.
[bookmark: _Hlk84935512]RAN4 will need to discuss an alternative wording for capturing the UE RTD requirements for mTRP/eMIMO scenario if RAN4 decides to capture such requirements.
It should be noted that our understanding is that when discussing mTRP/eMIMO RTD requirements, such requirements need to assume that the TRPs are not co-located. This would be aligned with the understanding used during the development of the feature in RAN1.
Any UE mTRP/eMIMO RTD requirements need to be based on the assumption that the involved TRPs are not co-located.
Based on the discussion in this paper we suggest following TP:
Option 2c: A UE shall be capable of handling a relative receive timing difference between slot timing boundaries on a carrier if a UE is configured to receive from different TRP on the same carrier, and the UE shall be capable of handling a relative timing difference between the slot timing boundaries on the carrier with intra-frequency multiple reception according to Table X.
Agree on the proposed TP: ‘A UE shall be capable of handling a relative receive timing difference between slot timing boundaries on a carrier if a UE is configured to receive from different TRPs on the same carrier, and the UE shall be capable of handling a relative timing difference between the slot timing boundaries on the carrier with intra-frequency multiple reception according to Table x.x.x.x.’
As discussed, the basic feature has been developed in RAN1 based on the assumption the TRPs used in the mTRP/eMIMO reception are not co-located. Discussing mTRP reception on a CC only for co-located scenario seems to bring limited system gain. For mTRP reception within the same carrier, the UE should be able to receive the signal from the involved TRPs as long as the signal is received on the UE side within the CP. 
If the signal is received on the UE side within the CP, the UE should be able to receive the signal from the involved TRPs.
Based on this, if RAN4 decide to introduce UE RTD requirements for mTRP/eMIMO for Rel-16, such requirements should be based on the CP length of the used SCS.
We also note that the requirement is solely a UE RTD requirement and does not imply anything related to the network/TRP synchronisation.
Table x.x.x-1: Receive timing difference requirement for intra-frequency multi reception.
	Frequency Range of the carrier
	Receive timing difference  

	FR1
	≤ CP Note1

	FR2
	≤ CP Note1

	Note1:	The CP length depend on the SCS of the carrier.



As any mTRP/eMIMO requirement are different from the existing MRTD requirements, any new UE mRTP/eMIMO RTD requirements would need to be introduced as separate requirements in a new separate section.
Any new UE mTRP/eMIMO RTD requirements would need to be introduced in a new separate section.
Based on the discussion we provide a TP in the Appendix and a CR.
Conclusion
In this paper we discussed the issue of capturing a clarification on applicability of Receive Timing Difference requirements for Multi-TRxP/MIMO. The topic has been discussed for multiple meetings without agreement. In this paper we observe and propose:
1. eMIMO and mTRP reception is always constrained to be within/on one and same serving carrier (CC). 
UE MRTD requirements for NR carrier aggregation applies for MRTD between the configured CCs.
The single carrier mTRP/eMIMO scenario is the basic scenario for which RAN4 is discussing defining UE RTD requirements for mTRP/eMIMO.
UE RTD requirements for mTRP/eMIMO reception from TRP1 and TRP2 on multiple CCs (both TRPs in CC1 and both TRPs in CC2), when configured with CA, need to be considered separately per CC.
eMIMO/mTRP reception is only considered per CC. No cross-CC mTRP/eMIMO operation or requirements have been defined in Rel-16.
MRTD requirements for DC applies for MRTD between the configured CCs and are not applicable to eMIMO/mTRP operation.
The two proposed TP options (option 2a or option 2b) are not accurate as they both imply cross-CC mTRP/eMIMO RTD requirements.
1. RAN4 will need to discuss an alternative wording for capturing the UE RTD requirements for mTRP/eMIMO scenario if RAN4 decides to capture such requirements.
Any UE mTRP/eMIMO RTD requirements need to be based on the assumption that the involved TRPs are not co-located.
Agree on the proposed TP: ‘A UE shall be capable of handling a relative receive timing difference between slot timing boundaries on a carrier if a UE is configured to receive from different TRPs on the same carrier, and the UE shall be capable of handling a relative timing difference between the slot timing boundaries on the carrier with intra-frequency multiple reception according to Table x.x.x.x.’
If the signal is received on the UE side within the CP, the UE should be able to receive the signal from the involved TRPs.
Any new UE mTRP/eMIMO RTD requirements would need to be introduced in a new separate section.
We also provide a TP and a CR capturing the proposed TP.
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A TP for UE RTD requirements for intra-frequency multi reception

7.9	Receive Timing Difference for intra-frequency multi reception
7.9.1	Introduction
A UE shall be capable of handling a relative receive timing difference between slot timing boundaries on a carrier if a UE is configured to perform intra-frequency multi reception on a carrier.
7.9.2	Minimum Requirements for intra-frequency multi reception
A UE shall be capable of handling a relative receive timing difference between slot timing boundaries on a carrier if a UE is configured to perform intra-frequency multi reception on a carrier, and the UE shall be capable of handling a relative timing difference between the slot timing boundaries on the carrier with intra-frequency multi reception according to Table 7.9.2-1
Table 7.9x.2-1: Receive timing difference requirement for intra-frequency multi reception.
	Frequency Range of the carrier
	Receive timing difference 

	FR1
	≤ CP Note1

	FR2
	≤ CP Note1

	Note1:	The CP length depend on the SCS of the carrier.
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