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1. Introduction
In RAN#95-e meeting, a new WI is approved which focused on non-collocated EN-DC/NR-CA deployment scenario, while further revised in RAN#96 as [1]. 

It is observed the clear needs from operators on the non-collocated EN-DC/NR-CA deployment scenario, because of the fact that the sub blocks in C-band were allocated at different time which results in Tx antenna collocation at network side is not always available. Accordingly, Rel-18 work item focus on lifting the restriction of existing Rel-16/17 requirements, including: 
(1) Till Rel-17 only co-located requirements have been specified for FR1 intra-band non-contiguous NR-CA;
(2) UE requirements for non-co-located deployment for FR1 inter-band non-contiguous EN-DC with overlapping DL bands was introduced in Rel-16 and 17 while the requirements were limited to two Rx ports per band.

Specifically, the UE RF relevant objectives in WID [1] includes: 
	The core part of the work item includes:
· Phase I:
· Study the feasibility to support non-co-located scenario for FR1 intra-band non-contiguous EN-DC/NR-CA except for 2-layer case of EN-DC with supporting the UE capability of interBandMRDC-WithOverlapDL-Bands-r16 already specified in Rel-16 and Rel-17.
· Investigate the tolerable power imbalance between carriers
· Investigate the required arrival time difference between CCs
· [bookmark: _Hlk105539516]Investigate the additional impacts of contiguous case, if time units are available.  
· Evaluate the UE performance under the power imbalance and arrival time difference
· Discuss and decide reference UE architecture considering the UE capability of interBandMRDC-WithOverlapDL-Bands-r16 for 2-layer MIMO case for NR-CA, and 4-layer MIMO case for both EN-DC/NR-CA
· [bookmark: _Hlk105539888]NOTE 1: For UE capable of supporting 2-layer MIMO, only assuming power imbalance 25dB
· [bookmark: _Hlk105540074][bookmark: _Hlk105538972]NOTE 2: For UE capable of supporting 4-layer MIMO, 2-layer MIMO power imbalance assumption can be considered as a base line but another value or the same power imbalance with different throughput performance requirement is not precluded.
· NOTE 3: RAN4 is recommended to start the work on 2-layer first and after that start 4-layer work based on the conclusion of 2-layer work.
· Work is limited to CA/EN-DC for EN-DC/NR-CA for bands 42, n77/n78
· Investigate whether the power imbalance should be explicitly (e.g. as an RF requirement) or implicitly specified (e.g. through a demodulation performance test). Specify the power imbalance based on the outcome of the investigation.
· If any change in RAN1 or RAN2 spec is needed, it will be triggered by RAN4 LS



Based on the pre-meeting offline sync-up, RAN4 shall firstly focus on the 2-layer MIMO case for NR-CA scenario, which is commonly regarded as the EN-DC counterpart of Type-2 UE (i.e., UE supporting interBandMRDC-WithOverlapDL-Bands-r16), of which relevant requirements have been specified in Rel-16/17 already. For simplicity, the term “Type-2 UE” will be borrowed here to indicate UE supporting 2-layer MIMO case for intra-band non-contiguous NR-CA. 

Particularly, in this contribution, we would like to provide our viewpoints on UE RF requirement and deployment scenario analysis for “Type-2” UE, while relevant analysis on UE supporting 4-layer will be provided in future meeting. 
2. Discussion
2.1 Background of Non-collocated EN-DC/NR-CA
1 
2 
2.1 
Rel-15 Inter-band EN-DC with overlapping DL bands
The discussion on the necessity of non-collocated inter-band EN-DC with overlapping DL bands deployment can date back to Rel-15, during which operators proposed the possible non-collocated scenario, while due to time limitation RAN4 concluded the simple assumption, i.e., “only co-located deployment” is allowed. It should be noted that due to different band numbering system, DC_42_n77 is inter-band EN-DC with overlapping DL bands but essentially equivalent to intra-band EN-DC. Accordingly, the following restriction is provided in Rel-15 RAN4 requirement, which forbid non-collocated deployment for inter-band EN-DC with overlapping DL bands: (1) MRTD ＜3us; (2) Power imbalance between downlink carriers is no larger than 6dB. 

Rel-15 Intra-band NR-CA
Similarly for intra-band NR-CA, only co-located deployment is assumed, and the restriction is provided in Rel-15 RAN4 requirement, which forbid non-collocated deployment for intra-band NR-CA, i.e., MRTD＜3us.

Rel-16/17 Inter-band EN-DC with overlapping DL bands for Non-collocated Deployment
In Rel-16/17, the requirement on Type-2 UE (i.e., UE supporting interBandMRDC-WithOverlapDL-Bands-r16, which indicates 2 layer/2 Rx Chain per CC supported for non-collocated EN-DC) has been specified in terms of RF and RRM requirements. Specifically, 25dB power imbalance and 1dB REFSENS relaxation for Type-2 UE in-band blocking requirements of inter-band EN-DC with overlapping DL bands have been specified in [2] in RAN4#102e meeting. 

Furthermore, the restriction of MRTD for sync operation has been removed, which is provided in the UE capability description for interBandMRDC-WithOverlapDL-Bands-r16 as below, in which the requirements provided in clause 7.6.2/7.6.5 put the limit that Type-2 EN-DC UE shall support async operation. 
[image: ]

2.2 Work Scope of Rel-18 Work Item
Firstly, we cited the summary table below for Type -1/2 and new type (probably named as Type- 3 if confirmed) which the rapporteur company KDDI shared in previous RAN meeting discussion. In Rel-18, the work item focuses on studying the feasibility to support non-collocated scenario for intra-band non-contiguous NR-CA with 2-layer MIMO per CC, inter-band DC_42_n77/78 and intra-band NC NR-CA with up to 4-layer MIMO per CC.

[image: ]
Diagram 1. The defined/to be defined requirements for Type-1/2/3 UE
As mentioned above, existing Type-2 EN-DC UE shall support async operation for EN-DC operation from MRTD perspective, while for co-located intra-band NR-CA scenario (i.e. Type-1 UE), the original RRM requirement requires sync operation (So UE only support sync operation, as in Table 7.6.4-1). 
Regarding power imbalance, as stated in the objective, for UE capable of supporting 2-layre MIMO, only assuming power imbalance as 25dB; for UE capable of supporting 4-layer MIMO, take 25dB as baseline but other value or the same power imbalance with different throughput performance requirement is not precluded. In addition, reference RF architecture should also be studied for 2-layer MIMO case for NR-CA (most likely to be 2Rx per CC) and 4-layer MIMO case for both EN-DC and NR-CA (need to be fully discussed in future meetings).
Observation 1: Based on WID, the possible discussion points on UE reference architecture, MRTD requirements and power imbalance assumption for 2-layer and 4-layer MIMO case are provided as below.


	
	UE Ref. Architecture
	MRTD (Max. Receiver Timing Diff.)
	Power Imbalance btw. CCs

	Rel-16/17 Type-2
	2-layer EN-DC
	2+2 Rx chains
	Async operation supported
	25dB

	Rel-18 Scope
	2-layer NR-CA
	FFS, most likely 2+2
	FFS, not necessarily async CA operation 
	25dB (as 2-L EN-DC)

	
	4-layer EN-DC
	FFS, 4/6/8 Rx chains/antennas
	FFS, most likely async operation supported (as 2-L EN-DC)
	FFS, 25dB as baseline, but others not precluded

	
	4-layer NR-CA
	FFS, 4/6/8 Rx chains/antennas
	FFS, not necessarily async CA operation 
	FFS, 25dB as baseline, but others not precluded




2.3 On 2-layer per CC Intra-band Non-Contigous NR-CA
Based on the pre-meeting offline sync-up, RAN4 shall firstly focus on the 2-layer MIMO case for NR-CA scenario, which is commonly regarded as the EN-DC counterpart of Type-2 UE (i.e., UE supporting interBandMRDC-WithOverlapDL-Bands-r16), of which relevant requirements have been specified in Rel-16/17 already. For simplicity, the term “Type-2 UE” will be borrowed here to indicate UE supporting 2-layer MIMO case for intra-band non-contiguous NR-CA. 

Proposal 1: Similar to EN-DC counterpart, for FR1 intra-band non-contiguous NR-CA, the term “Type-2 UE” is used to indicate UE supporting non-collocated deployment with maximum 2 layer per CC. 
Furthermore, in case of 2 CCs intra-band non-contiguous NR CA, there is no frequency separation limitation due to the separate Rx chain (separate Lo/LNA) of 2 CCs. In case of 3 CC intra-band NR CA with large frequency separation between each CC, there is frequency separation limitation on two among the three CCs due to shared Lo/LNA if totally 4Rx is the assumption.
As summarized in Observation 1, we see no strong reason to revisit the power imbalance assumption of 25dB, therefore the UE architecture is most likely to be 2 Rx chain per CC, and In-band blocking requirements for Type-2 EN-DC could be reused for Type-2 NR intra-band non-contiguous CA. 
Proposal 2: RF requirements and architecture for Type-2 EN-DC could be reused to Type-2 intra-band NR CA.
1) Add note to Table 5.5A.2-1 of 38.101-1
2) Define in-band blocking requirements (25dB power imbalance, 1dB REFSENS relaxation)
3) Dedicated new IE needed for Type-2 intra-band NR CA

In terms of MRTD for Type-2 UE for intra-band non-contiguous NR-CA, we think more discussion is of necessity on the required deployment scenario: In all existing CA deployment, sync operation is always assumed, in which even inter-band CA without collocated assumption shall assume 33us MRTD, which is different from EN-DC Type-2 UE supporting async operation. At least based on our current analysis, we see no necessity of requiring UE to support async CA operation for NR-CA Type-2.

Proposal 3: FFS the necessity of requiring UE to support async CA operation for NR-CA Type-2.

2.4 Contiguous vs. Non-contiguous Spectrum
Based on WID, FR1 intra-band non-contiguous EN-DC/NR-CA is listed as the major objective, while RAN4 may investigate the additional impacts of contiguous case, if time units are available.
According to the spectrum allocation status, one Japanese operator has two contiguous sub-blocks allocated at different time, so theoretically contiguous EN-DC and NR-CA could be possible in practice for non-collocated deployment. Compared with non-contiguous spectrum case, we observed that the importance of contiguous case can be relatively lower, which should be regarded as 2nd priority after RAN4 has completed the specification for non-contiguous case.

Proposal 4: FR1 intra-band contiguous EN-DC/NR-CA case should only be studied after RAN4 complete the standardization works for non-contiguous case. 
3. Conclusion
Observation 1: Based on WID, the possible discussion points on UE reference architecture, MRTD requirements and power imbalance assumption for 2-layer and 4-layer MIMO case are provided as below.
	
	UE Ref. Architecture
	MRTD (Max. Receiver Timing Diff.)
	Power Imbalance btw. CCs

	Rel-16/17 Type-2
	2-layer EN-DC
	2+2 Rx chains
	Async operation supported
	25dB

	Rel-18 Scope
	2-layer NR-CA
	FFS, most likely 2+2
	FFS, not necessarily async CA operation 
	25dB (as 2-L EN-DC)

	
	4-layer EN-DC
	FFS, 4/6/8 Rx chains/antennas
	FFS, most likely async operation supported (as 2-L EN-DC)
	FFS, 25dB as baseline, but others not precluded

	
	4-layer NR-CA
	FFS, 4/6/8 Rx chains/antennas
	FFS, not necessarily async CA operation 
	FFS, 25dB as baseline, but others not precluded



Proposal 1: Similar to EN-DC counterpart, for FR1 intra-band non-contiguous NR-CA, the term “Type-2 UE” is used to indicate UE supporting non-collocated deployment with maximum 2 layer per CC. 
Proposal 2: RF requirements and architecture for Type-2 EN-DC could be reused to Type-2 intra-band NR CA.
4) Add note to Table 5.5A.2-1 of 38.101-1
5) Define in-band blocking requirements (25dB power imbalance, 1dB REFSENS relaxation)
6) Dedicated new IE needed for Type-2 intra-band NR CA

[bookmark: _GoBack]Proposal 3: FFS the necessity of requiring UE to support async CA operation for NR-CA Type-2.

Proposal 4: FR1 intra-band contiguous EN-DC/NR-CA case should only be studied after RAN4 complete the standardization works for non-contiguous case. 
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