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1. Introduction
In RAN#95e meeting, a new WI is approved which focused on intra-band non-collocated EN-DC/NR-CA deployment scenario, while further revised in RAN#96 as [1]. As agreed in the work plan [2], the RRM part of discussion, particularly on MRTD and MTTD requirement shall be initiated from RAN4#105, i.e., this meeting. 
As required in WID, the detailed objectives on RRM relevant topics are provided in WID [2] as follows:   
	· 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
· Phase II: 
· Phase II work will get started after the feasibility in phase I is confirmed
· Specify MRTD and MTTD requirements in non-collocated deployment
· Discuss and decide if the different requirements will be specified based on UE capability of interBandMRDC-WIthOverlapDL-Bands-r16.


From RAN4#104-e meeting (Aug., 2022), RF aspects on intra-band non-collocated EN-DC/NR-CA have been discussed for two meetings, with three WFs approved [3][4][5]. Accordingly, in this contribution, we would like to share our initial analysis and viewpoints on RRM aspects for intra-band non-collocated EN-DC/NR-CA.  
2 Background Review on Non-collocated EN-DC/CA
2.1 Rel-15/16/17 Background
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. 
Observation 1: For Rel-15 UE supporting inter-band EN-DC with overlapping DL bands: 
· Only co-located deployment is applied;
· MRTD < 3us shall be applicable.  
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.
Observation 2: For Rel-15 UE supporting intra-band NR-CA: 
· Only co-located deployment is applied;
· MRTD < 3us shall be applicable for intra-band non-contiguous NR-CA.  
Rel-16/17 Inter-band EN-DC/NE-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 or NE-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 TS38.101-3. 
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/NE-DC UE shall support async operation. Furthermore, it should be noted that there is no explicit MTTD requirement defined for Type-2 EN-DC/NE-DC UE. 
[image: ]
Observation 3: For UE supporting interBandMRDC-WithOverlapDL-Bands-r16 (Type-2 EN-DC/NE-DC UE): 
· The restriction of MRTD for sync operation has been removed in UE capability description;
· The applicable MRTD requirements in clause 7.6.2/7.6.5 require Type-2 UE shall support async operation;
· The applicable MTTD requirements is not explicitly defined, but applying async EN-DC/NE-DC MTTD requirement shall be the straightforward understanding. 
2.2 Work Scope of Rel-18 Work Item
Firstly, we cited the summary table below for Type -1/2 and new type which the rapporteur company KDDI shared in RAN-Plenary meeting on June. 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. 
Table 1. The defined/to be defined requirements for Type-1/2 UE and New Type UE (Provided by Rapporteur)
[image: ]
2.3 Rel-18 RAN4 Progress on UE RF Aspects
For Type-2 UE for intra-band non-contiguous NR CA (i.e., up to 2x2 per CC), the following agreements on UE RF architecture baseline were achieved in RAN4#104-e [3]: 
	Sub-topic 2-2: UE RF architecture baseline
< Issue 2-2-1 (a): UE RF architecture>
Agreement: 
· Total four RF antenna is assumed.
· Reuse UE RF architecture of inter-band non-contiguous DC_42_n77/78 EN-DC Type-2 (i.e. 2 layer/2 Rx Chain per CC, total 4 Rx Chain) as the baseline.

< Issue 2-2-1 (b): Meaning of number of Rx Chain>
Way forward: 
· Clarify meaning of number of Rx Chain in the case of total 4 Rx Chain as follows
· Antenna/RF paths as baseline
· Further clarify in next meeting with consideration on other aspect, such as BB

< Issue 2-2-2: CA bandwidth class>
Agreement:
· 1 CC on each sub-block. This means to be a total of 2 CC, i.e. n78(2A)/n77(2A) for CA as baseline
· 3 CC, i.e. n77(3A)/n78(3A), is not precluded. The work on 3CC should be done after work for 2CC is finalized and it is clear how many non-collocated base stations are assumed.


 Furthermore, the guidelines for RRM requirements were provided [3] as follows: 
	Sub-topic 2-4: Guidelines for RRM requirements
< Issue 2-4-1: Guidelines for RRM requirements on MRTD>
Agreement:
· Agree to consider sync NR-CA scenario.
· No Tx-Rx simultaneous operation is assumed to be supported for sync NR-CA scenario.
· FFS async NR-CA scenario.
· Encourage operators to give their preference of async scenario.


While in the RAN4#104-bis-e, the above agreements were further confirmed. 
For new UE type supporting up to 4 layer per CC, the following agreements are achieved in [5]: 
	Sub-topic 2-1: UE RF architecture on new Type UE
< Issue 2-1-1: Possible UE RF architecture candidates on new Type UE>
Agreement: 
· Agree the following table as UE RF architecture candidates on new Type UE for non-collocated non-contiguous intra-band NR-CA and inter-band EN-DC
· Check whether there are other restrictions except for power imbalance. If some other restrictions are found, moderator will add them to the table immediately
· Prioritize Type 3a/3b discussion for 4MIMO layer in Rel-18.

	[bookmark: _Hlk116987019]UE
Type
	
CC#
	antenna
/ LNA
	Mixer
	Analog
BB
	#Rx
	Frequency
Separation
between 2cc
	NRCA/ENDC
	power
imbalance
	comment

	1
	1
	4
shared
	4
shared
	4
shared
	4Rx
	≤ X MHz
	NRCA,ENDC
	6dB
full range
	Baseline architecture (i.e. legacy architecture)

	
	2
	
	
	
	4Rx
	
	
	
	

	2
	1
	2
	4
total
	2
	2
	2Rx
	No limitation or ≤ X MHz
	NRCA,ENDC
	25dB
full range
	Reuse of baseline architecture restricted to 2Rx/band but need 2LO frequencies

	
	2
	2
	
	2
	2
	2Rx
	
	
	
	

	3a
	1
	4
shared
	4
	4
	4Rx
	No limitation or ≤ X MHz
	ENDC
	6<P≤25dB
partial range
	Reuse of baseline RFFE architecture adding RF split after 2 LNAs + 1BB/Rx 
=> common AGC on LNA => 25dB only for some range

	
	2
	
	2
	2
	2Rx
	
	
	
	

	3b
	1
	4
shared
	4
	4
	4Rx
	No limitation or ≤ X MHz
	NRCA,ENDC
	6<P≤25dB
partial range
	Reuse of baseline RFFE architecture adding RF split after 2 LNAs + 1BB/Rx 
=> common AGC on LNA => 25dB only for some range

	
	2
	
	4
	4
	4Rx
	
	
	
	

	4a
	1
	4
	6
total
	4
	4
	4Rx
	No limitation or ≤ X MHz
	ENDC
	25dB
full range
	Requires 6 antennas and LNA => is it compatible with smartphone? (for which frequency range), FWA only

	
	2
	2
	
	2
	2
	2Rx
	
	
	
	

	4b
	1
	4
	8
total
	4
	4
	4Rx
	No limitation or ≤ X MHz
	NRCA,ENDC
	25dB
full range
	Requires 8 antennas and LNA => is it compatible with smartphone? (for which frequency range), FWA only

	
	2
	4
	
	4
	4
	4Rx
	
	
	
	



< Issue 2-1-2: UE RF architecture on new Type UE>
Agreement: 
· Discuss the following items in case of Type 3a/3b with 4 shared antennas and 4 shared LNAs (shared LNA AGC) for smartphone,
· Necessary limitations or exceptions on dynamic range, REFSENS and blocking
· FFS if imbalance < 25dB would allow larger dynamic range and whether large RTD will cause impact on the shared LNA.
· Type 3a enabling 4Rx in one CC and 2Rx in the other CC for EN-DC
· Type 3b enabling 4Rx in one both CCs for NR-CA and EN-DC



3 Discussion on RRM Requirements
Pre requested in WID, the required arrival time difference between CCs shall be studied and accordingly to be specified if the impact on RRM requirements can be confirmed. 
3.1 Confirmation of MRTD Requirement for Legacy UEs
As showed above, the applicability of async EN-DC requirement for Rel-16/17 Type-2 UE is provided in UE capability description, while it is not clear enough in TS38.133, especially, there is an agreed wording by using “inter-band non-collocated EN-DC and inter-band EN-DC with overlapping”:
	Sub-topic 2-1: Objectives of WID
< Issue 2-1-1 (a): Update objectives of WID>
Agreement
· Revise the current wording “Intra-band non-collocated EN-DC” of the WID as follows in next RAN plenary.
· Inter-band non-collocated EN-DC
· inter-band EN-DC with overlapping
· Intra-band non-collocated NR-CA



Proposal 1: RAN4 shall confirm the following MRTD requirement applicability for Rel-15/16/17 UE: 
· For Rel-15 UE supporting inter-band EN-DC with overlapping DL bands, clause 7.6.3 (for intra-band EN-DC) is applicable. 
· For UE supporting interBandMRDC-WithOverlapDL-Bands-r16 (Type-2 EN-DC/NE-DC UE), clause 7.6.2/7.6.5 (for inter-band EN-DC/NE-DC) is applicable. 

Proposal 2: RAN4 shall confirm the following MTTD requirement applicability for Rel-15/16/17 UE: 
· For Rel-15 UE supporting inter-band EN-DC with overlapping DL bands, clause 7.5.3 (for intra-band EN-DC) is applicable. 
· For UE supporting interBandMRDC-WithOverlapDL-Bands-r16 (Type-2 EN-DC/NE-DC UE), clause 7.5.2/7.5.5 (for inter-band EN-DC/NE-DC) is applicable. 

3.2 Intra-band Non-collocated NR-CA Type-2 UE
In the existing RRM requirement, for intra-band NR-CA, only co-located deployment is applied for MRTD requirement, which should be reconsidered since one of the objectives of this WI is to ”support non-co-located scenario for FR1 intra-band non-contiguous NR-CA”. 
For Type-2 NR-CA UE (i.e., supporting intra-band non-contiguous NR-CA with 2-layer MIMO per CC), by following the existing RAN4 agreement from RF session, i.e., ”Reuse UE RF architecture of inter-band non-contiguous DC_42_n77/78 EN-DC Type-2 (i.e. 2 layer/2 Rx Chain per CC, total 4 Rx Chain) as the baseline”, it is expected that the baseband operation shall also be seperated as assumed for Type-2 EN-DC UE. 
However, considering symbol-level async operation is not enabled for NR-CA yet, we think the inter-band NR carriers aggregation (also supporting non-collocated deployment) can be considered as the baseline for intra-band non-collocated NR-CA, to allow the same non-collocated deployment. It should be noted that, in RF session, there is still ongoing discussion on Type-2 and New UE Type(s) considering different UE architecture assumption, and the above proposal should at least be applicable to Type-2 NR-CA UE, from our understanding. 
Proposal 3: For intra-band non-collocated NR-CA Type-2 UE (up to 2 MIMO layers per CC): 
· MRTD requirement for inter-band NR CA (i.e., 33us for FR1) shall be applicable. 

Accordingly, MTTD requirement can be defined while it can be discussed after the conclusion on MRTD requirement is made. 
3.3 New UE Type for 4-Layer MIMO 
As discussed in previous RAN4 meeting, the Type-3a/3b UE for 4 layer MIMO shall be prioritized in Rel-18: 
	UE
Type
	
CC#
	antenna
/ LNA
	Mixer
	Analog
BB
	#Rx
	Frequency
Separation
between 2cc
	NRCA/ENDC
	power
imbalance
	comment

	1
	1
	4
shared
	4
shared
	4
shared
	4Rx
	≤ X MHz
	NRCA,ENDC
	6dB
full range
	Baseline architecture (i.e. legacy architecture)

	
	2
	
	
	
	4Rx
	
	
	
	

	2
	1
	2
	4
total
	2
	2
	2Rx
	No limitation or ≤ X MHz
	NRCA,ENDC
	25dB
full range
	Reuse of baseline architecture restricted to 2Rx/band but need 2LO frequencies

	
	2
	2
	
	2
	2
	2Rx
	
	
	
	

	3a
	1
	4
shared
	4
	4
	4Rx
	No limitation or ≤ X MHz
	ENDC
	6<P≤25dB
partial range
	Reuse of baseline RFFE architecture adding RF split after 2 LNAs + 1BB/Rx 
=> common AGC on LNA => 25dB only for some range

	
	2
	
	2
	2
	2Rx
	
	
	
	

	3b
	1
	4
shared
	4
	4
	4Rx
	No limitation or ≤ X MHz
	NRCA,ENDC
	6<P≤25dB
partial range
	Reuse of baseline RFFE architecture adding RF split after 2 LNAs + 1BB/Rx 
=> common AGC on LNA => 25dB only for some range

	
	2
	
	4
	4
	4Rx
	
	
	
	

	4a
	1
	4
	6
total
	4
	4
	4Rx
	No limitation or ≤ X MHz
	ENDC
	25dB
full range
	Requires 6 antennas and LNA => is it compatible with smartphone? (for which frequency range), FWA only

	
	2
	2
	
	2
	2
	2Rx
	
	
	
	

	4b
	1
	4
	8
total
	4
	4
	4Rx
	No limitation or ≤ X MHz
	NRCA,ENDC
	25dB
full range
	Requires 8 antennas and LNA => is it compatible with smartphone? (for which frequency range), FWA only

	
	2
	4
	
	4
	4
	4Rx
	
	
	
	



Proposal 4: RAN4 RRM session shall prioritize the discussion on MRTD requirement for new UE Type-3a/3b for both EN-DC and NR-CA. 

For UE Type-3a/3b UE, it is proposed that it should reuse of baseline RFFE architecture with adding RF split. The corresponding UE RF architecture is provided as below for illustration [7]: 


For the above UE Type-3a/3b, the antenna number is still 4, while the Rx Path is partially shared. With this archtiecture under consideration, RAN4 RRM session shall consider whether large receive timing difference will cause impact espeically on the shared part of RX link including the shared LNA: 
· For EN-DC: if the same async EN-DC operation as Type-2 UE is assumed, it may cause additional signal strength variance on the shared LNA. However, this variance is unavoidable if the non-collocated deployment is considered: In Rel-15, 33us MRTD is assumed for 30us is assumed for the propagation delay difference (9km difference in distance) and 3us assumed for BS timing accuracy. Even with 33us assumed for MRTD (already much smaller than async EN-DC case), it is still unavoidable to have around one symbol-length timing difference for 30kHz SCS, and the signal strength variance can/shall be handled by the 2nd LNA. By assuming the timing difference within CP (as proposed by some companies in the previous meeting) is too restrictive to EN-DC deployment. Furthermore, smaller power imbalance (<25dB) should not be used to derive the propagation delay difference, because in practice the different RX PSD not only results from LOS/NLOS based large scale propagation loss. 
· For NR-CA: Considering the same UE architecture is assumed (Type 2b), the same MRTD requirement as Type-3a/3b EN-DC UE shall be applied.
Proposal 5: For new UE Type-3a/3b: 
· for UE supporting inter-band non-collocated EN-DC, FFS the applicability of async EN-DC assumption. At least the following option for MRTD should be considered to enable non-collocated deployment: 
· Option 1: 33us. 
· for UE supporting intra-band non-collocated NR-CA (i.e., Type-3b), the same MRTD requirement as Type-3a/3b UE for NR-CA shall be applied. 

4. Conclusion
In this contribution, we provided our viewpoints on the RRM aspects for this work item, accordingly the following observations and proposals are obtained: 
Observation 1: For Rel-15 UE supporting inter-band EN-DC with overlapping DL bands: 
· Only co-located deployment is applied;
· MRTD < 3us shall be applicable.  
Observation 2: For Rel-15 UE supporting intra-band NR-CA: 
· Only co-located deployment is applied;
· MRTD < 3us shall be applicable for intra-band non-contiguous NR-CA.  
Observation 3: For UE supporting interBandMRDC-WithOverlapDL-Bands-r16 (Type-2 EN-DC/NE-DC UE): 
· The restriction of MRTD for sync operation has been removed in UE capability description;
· The applicable MRTD requirements in clause 7.6.2/7.6.5 require Type-2 UE shall support async operation;
· The applicable MTTD requirements is not explicitly defined, but applying async EN-DC/NE-DC MTTD requirement shall be the straightforward understanding. 
Proposal 1: RAN4 shall confirm the following MRTD requirement applicability for Rel-15/16/17 UE: 
· For Rel-15 UE supporting inter-band EN-DC with overlapping DL bands, clause 7.6.3 (for intra-band EN-DC) is applicable. 
· For UE supporting interBandMRDC-WithOverlapDL-Bands-r16 (Type-2 EN-DC/NE-DC UE), clause 7.6.2/7.6.5 (for inter-band EN-DC/NE-DC) is applicable. 
Proposal 2: RAN4 shall confirm the following MTTD requirement applicability for Rel-15/16/17 UE: 
· For Rel-15 UE supporting inter-band EN-DC with overlapping DL bands, clause 7.5.3 (for intra-band EN-DC) is applicable. 
· For UE supporting interBandMRDC-WithOverlapDL-Bands-r16 (Type-2 EN-DC/NE-DC UE), clause 7.5.2/7.5.5 (for inter-band EN-DC/NE-DC) is applicable. 
Proposal 3: For intra-band non-collocated NR-CA Type-2 UE (up to 2 MIMO layers per CC): 
· MRTD requirement for inter-band NR CA (i.e., 33us for FR1) shall be applicable. 
Proposal 4: RAN4 RRM session shall prioritize the discussion on MRTD requirement for new UE Type-3a/3b for both EN-DC and NR-CA. 
Proposal 5: For new UE Type-3a/3b: 
· for UE supporting inter-band non-collocated EN-DC, FFS the applicability of async EN-DC assumption. At least the following option for MRTD should be considered to enable non-collocated deployment: 
· Option 1: 33us. 
· for UE supporting intra-band non-collocated NR-CA (i.e., Type-3b), the same MRTD requirement as Type-3a/3b UE for NR-CA shall be applied. 
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