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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#97 as [1], the detailed background of non-collocated deployment was provided in [2]. In RAN4#104-e meeting, the discussion mainly focused on Type-2 non-collocated intra-band NR-CA and some remaining issue need further check, it was also agreed that discussion on New Type UE with up to 4-layer MIMO per cc would begin in RAN4#104-bis-e meeting[3].
In this paper, we present our views on the remaining issue of Type-2, as well as analysis on New Type UE supporting up to 4-layer MIMO per cc for non-collocated inter-band EN-DC with overlapping bands/ intra-band NR-CA, about the possible UE architectures (How many Rx chains/antennas, separated/shared mixer/Lo/AGC) with consideration on the tolerable power imbalance (with companion Rx relaxation), maximum layer numbers per CC, frequency separation limitation, dynamic range and UE implementation difficulty. 
2. Discussion
2.1 On 4 layer per CC EN-DC/NR-CA (or LTE could downgrade to 2 layer)
Regarding power imbalance, as stated in the objective, for UE capable of supporting up to 4-layer MIMO (Type-3 UE? If confirmed), 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 both EN-DC and NR-CA. For simplicity, the term “Type-3 UE” will be borrowed in Rel-18 to indicate UE supporting up to 4-layer MIMO case for non-collocated inter-band EN-DC with overlapping bands and/or intra-band NR-CA.
Observation 1： Generally speaking, Type-3 represents higher capability than Type-2, i.e., UE support 2+4 or 4+4 maximum MIMO layer for non-collocated inter-band EN-DC deployment, or 4+4 maximum MIMO layer for non-collocated intra-band NR-CA deployment, in terms of 2CC scenario.

Proposal 1: Similar to “Type-2 UE”, the term “Type-3 UE” could be used in Rel-18 to indicate UE supporting non-collocated deployment with 2 or 4 maximum MIMO layer for LTE CC and 4 maximum MIMO layer for NR CC.
UE shall indicate Type-3 to Network if supported, Type-3 here represents higher capability than Type-2 as aforementioned. If UE indicates Type-3, Type-2 shall be considered as naturally supported irrespective of UE indicates Type-2 or not, it depends on Network’ demand to configure Type-3 or Type-2 in case UE indicates Type-3. 
Proposal 2：If Type-3 is indicated, Type-2 shall be considered as supported by default regardless of whether UE indicates Type-2 or not. Conclusion could be made after the feasibility of Type-3 is confirmed. 
UE architecture for 4-layer MIMO per CC DC_42_n77/n78 and CA_n77/78(2A) shall be fully discussed (or LTE could downgrade to 2-layer), the power imbalance has impact on UE architecture, while UE architecture has impact on power imbalance, RF requirements (blocking requirements/ACS requirements), frequency separation between 2 CC, dynamic range and maximum layer number as well. 
Observation 2: The power imbalance (w/ or w/o more Rx performance relaxation) and UE architecture (Rx chain numbers, antenna numbers, separated/shared Lo/AGC) have mutual influence.
Observation 3: UE architecture (limitation on Lo/LNA performance) has impact on frequency separation between 2 CC and maximum layer number per cc. 
Observation 4: Due to shared AGC/filter between CCs, the dynamic range is limited in theory, which has impact on blocking requirement and ACS requirement. 
[bookmark: _GoBack]With above understanding, below table in which we summarize the possible UE architectures (how many Rx chains, how many antennas) for Type-3 UE with consideration on maximum layer number per CC, power imbalance (w/ or w/o Rx performance relaxation), frequency separation, dynamic range and UE implementation difficulty. It should be noted that the motivation and intention of discussing several architectures other than the legacy architecture is the recognition that Architecture-4 is more like colocated scenario which may not satisfy the operators’ expectation.
Proposal 3: It is proposed to discuss the feasibility of following 4 possible UE architectures for New Type UE capable of supporting maximum 4 layer per cc (or LTE downgrade to 2 layer per cc) with consideration on power imbalance (w/ or w/o more Rx performance relaxation), frequency separation, dynamic range and UE implementation difficulty. 
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	Max Layer number (CC1+ CC2)
	UE architecture (Rx Path number)
	Antenna number
	Frequency separation between 2 CC
	Dynamic range
	Smartphone  implementation
	Power imbalance (w/ or w/o Rx perf. relaxation)

	1
	4+4
	Totally 8 (4Rx Path per CC)
	8
	No limitation or ≤ X MHz
	Flexible (Separated AGC)
	Challenging
	25

	2
	4+4
	Totally 4 (4Rx Path per CC)
	4(shared)
	No limitation or ≤ X MHz
	  Restricted (Partially Shared AGC)
	Friendly
	6＜P≤ 25 (w/ or w/o more Rx performance relaxation)

	3 Note 5
	2+4
	Totally 6 (2Rx for b42, 4Rx for n77)
	6
	No limitation or ≤ X MHz
	Flexible (Separated AGC)
	Relative friendly
	25

	4
	a
	4+4
	Totally 4 (Each Rx Path supports both CC1 and CC2)
	4(shared)
	≤X MHz
	Very Restricted (Shared AGC)
	Easy
	Close or equal to 6

	
	b
	4+4
	Totally 4 (Each Rx Path supports both CC1 and CC2)
	4(shared)
	≤X MHz
	Very Restricted (Shared AGC)
	Easy
	6＜P＜25 (with more Rx performance relaxation)

	Note 1: The assumption of this table is 2CC in total.
Note 2: Common assumption for Lo is 200MHz, however different UE vendors have different implementation, hence X MHz is used here for indication of Frequency separation.
Note 3: For Architecture-1/3, the assumption is totally separated AGC setting for CC1 and CC2.
Note 4: Separated BB paths for each CC is assumed in this table.
Note 5: Only applicable to EN-DC Scenario

	


For better understanding, we roughly illustrate Architrecture-1/2/4 as below Figure 1, Architrecture-3 is similar as Architrecture-1 with exception that 2 Rx chain/ 2 MIMO layers are assumed for LTE. The assumption for Architrecture-1/3 is at least one AGC setting per CC. It should also be noted that the analog devices are not able to filter different CCs.
More interpretation for above table: 
1) For Architrecture-4, to fully utilize legacy UE architectures (totally 4Rx Paths/antennas) for sake of easy UE(smart phone) implementation, 1 Rx Path is expected to support both b42 and n77 with mixer/Lo/AGC sharing, therefore the frequency separation between b42 and n77 is restricted due to limitation on Lo and LNA performance, dynamic range is very restricted as well due to AGC/AGC setting sharing, the difference between Architrecture-4 a) and 4 b) lies in how to reflect the degradation due to AGC/AGC setting sharing, through power imbalance and/or Rx performance requirement. We think Architrecture-4 to achieve 4-layer per CC is more like collocated deployment, for which the power imbalance is most likely close or equal to 6, it appears inappropriate to be applied to non-collocated deployment of 4-layer per CC
2) For Architrecture-1, in which totally 8 Rx Paths/antennas are needed, b42 and n77 can share one Lo with limitation on FS between two CC or adopt separated Lo with no FS limitation, which is up to UE implementation. However, 8Rx+8 antenna is being discussed targeted only for FWA type UE in Rel-18, 8Rx+8antenna for smart phone is not in Rel-18 scope as of now; 
3) For Architrecture-3, the intention is to alleviate the concern for UE implementation difficulty comparing with Architrecture-1, however 6Rx is also not in Rel-18 scope as of now; 
4) For Architrecture-2, the antenna number is still 4, while the Rx Path is partially shared (we think the Rx number is still 4 for Architrecture-2, which is different from the FWA 8Rx+8antenna, that 8Rx REREFSEN requirement is calculated from antenna port in which the diversity Gain of 8 antenna should be taken into account, furthermore the NF of the receiver mainly depends on the front-end, hence we tend to 8Rx actually represents 8 antenna and Architrecture-2 should be considered as 4Rx; if it is hard to conclude, we could just assume totally 4 shared antenna is the only case under consideration), the devices after the first LNA are integrated in the transceiver chipset, therefore it is anticipated that the size of transceiver would be a little bit larger but the size of chipsets outside the transceiver remain unchanged, consequently the space would not be a problem for smart phone, whereas the dynamic range might be restricted due to partially shared AGC/AGC setting.  


Figure 1. Rough RF architecture for Architecture-1/2/4
Proposal 4: Based on current situation, for New-Type non-collocated deployment, it is proposed:
1) Architrecture-1: Could be considered for FWA type UE at late stage of Rel-18 or future releases.
2) Architrecture-2: Could be considered for both smart phone and FWA type UE in Rel-18.
3) Architrecture-3: Could be further checked in future meetings depending on the updated scope of Rel-18 or further considered in future releases.
4) Architrecture-4: Do not consider it for New-Type non-collocated deployment.

2.2 Remaining issue of Type2 intra-band NRCA
In this Clause, we present our views on below remaining issue in last RAN4 meeting.
< Issue 2-3-1: Power Imbalance and in-band blocking>
Agreement:
· 25dB power imbalance, 1dB REFSENS relaxation. RAN4 may revisit if there is technical concern.
Whether 25dB power imbalance need to be revisited for Type-2 non-collocated intra-band NR-CA need further discussion. In our view, in terms of 2 CC, Type-2 only requires 2 Rx Path per CC for sake of maximum 2-layer per CC MIMO capability, hence totally 4 Rx Path and 4 antenna is the assumption. Accordingly the co-located UE architecture is reused for Type-2 with the exception that at least one AGC setting per CC is required to handle the significant power imbalance, which is also the architecture for non-collocated Type-2 EN-DC deployment with 25 dB power imbalance assumption. 
Furthermore, in Rel-16, it proves that UE is able to achieve 25dB power imbalance with 1dB relaxation for non-collocated Type-2 EN-DC deployment based on link budget calculation, given that the RF architecture is identical for NR-CA and EN-DC, it could be deducted that UE is also able to achieve 25dB power imbalance with 1dB relaxation for non-collocated intra-band NR-CA. On the other hand, it should be noted that the motivation of potential several architectures for Type-3 is that reusing collocated UE architecture cannot achieve good performance, the power imbalance is more likely to be close or equal to 6dB which may not able to meet operator’s demand. Even if Type-3 architectures could be applied to Type-2, Type-2 UE would still use 4 Rx Path and 4 antenna which is essentially equivalent to no new architecture for Type-2, accordingly the RF requirements actually remain unchanged. Lastly, too many Type-2 UE types has no benefit from network perspective.
In short, we see no reason to reduce the power imbalance or define several power imbalance values for Type-2 UE. 
Observation 5: The Type-2 non-collocated Intra-band NR CA architecture is reused from Type-2 non-collocated EN-DC deployment, in which the totally 4 Rx antenna and 2 Rx Path per cc is the assumption.
Observation 6: In Rel-16, it proves that UE is already able to achieve 25dB power imbalance with 1dB REFSENS relaxation for Type-2 non-collocated EN-DC deployment.
Observation 7: It could be deducted that UE is able to achieve 25dB power imbalance with 1dB REFSENS relaxation for Type-2 non-collocated intra-band NR-CA deployment.
Observation 8: Too fragmental UE types has no benefit from network perspective.
Proposal 5: No need to revisit 25dB power imbalance with 1dB REFSENS relaxation for Type-2 Intra-band non-collocated NR-CA, i.e., neither reduce the power imbalance nor define several power imbalance values is acceptable.

3. Conclusion
Observation 1： Generally speaking, Type-3 represents higher capability than Type-2, i.e., UE support 2+4 or 4+4 maximum MIMO layer for non-collocated inter-band EN-DC deployment, or 4+4 maximum MIMO layer for non-collocated intra-band NR-CA deployment, in terms of 2CC scenario.

Proposal 1: Similar to “Type-2 UE”, the term “Type-3 UE” could be used in Rel-18 to indicate UE supporting non-collocated deployment with 2 or 4 maximum MIMO layer for LTE CC and 4 maximum MIMO layer for NR CC.
Proposal 2：If Type-3 is indicated, Type-2 shall be considered as supported by default regardless of whether UE indicates Type-2 or not. Conclusion could be made after the feasibility of Type-3 is confirmed. 
Observation 2: The power imbalance (w/ or w/o more Rx performance relaxation) and UE architecture (Rx chain numbers, antenna numbers, separated/shared Lo/AGC) have mutual influence.
Observation 3: UE architecture (limitation on Lo/LNA performance) has impact on frequency separation between 2 CC and maximum layer number per cc. 
Observation 4: Due to shared AGC/filter between CCs, the dynamic range is limited in theory, which has impact on blocking requirement and ACS requirement. 
Proposal 3: It is proposed to discuss the feasibility of following 4 possible UE architectures for New Type UE capable of supporting maximum 4 layer per cc (or LTE downgrade to 2 layer per cc) with consideration on power imbalance (w/ or w/o more Rx performance relaxation), frequency separation, dynamic range and UE implementation difficulty. 
	Architecture
	Max Layer number (CC1+ CC2)
	UE architecture (Rx Path number)
	Antenna number
	Frequency separation between 2 CC
	Dynamic range
	Smartphone  implementation
	Power imbalance (w/ or w/o Rx perf. relaxation)

	1
	4+4
	Totally 8 (4Rx Path per CC)
	8
	No limitation or ≤ X MHz
	Flexible (Separated AGC)
	Challenging
	25

	2
	4+4
	Totally 4 (4Rx Path per CC)
	4(shared)
	No limitation or ≤ X MHz
	  Restricted (Partially Shared AGC)
	Friendly
	6＜P≤ 25 (w/ or w/o more Rx performance relaxation)

	3 Note 5
	2+4
	Totally 6 (2Rx for b42, 4Rx for n77)
	6
	No limitation or ≤ X MHz
	Flexible (Separated AGC)
	Relative friendly
	25

	4
	a
	4+4
	Totally 4 (Each Rx Path supports both CC1 and CC2)
	4(shared)
	≤X MHz
	Very Restricted (Shared AGC)
	Easy
	Close or equal to 6

	
	b
	4+4
	Totally 4 (Each Rx Path supports both CC1 and CC2)
	4(shared)
	≤X MHz
	Very Restricted (Shared AGC)
	Easy
	6＜P＜25 (with more Rx performance relaxation)

	Note 1: The assumption of this table is 2CC in total.
Note 2: Common assumption for Lo is 200MHz, however different UE vendors have different implementation, hence X MHz is used here for indication of Frequency separation.
Note 3: For Architecture-1/3, the assumption is totally separated AGC setting for CC1 and CC2.
Note 4: Separated BB paths for each CC is assumed in this table.
Note 5: Only applicable to EN-DC Scenario


Proposal 4: Based on current situation, for New-Type non-collocated deployment, it is proposed:
1) Architrecture-1: Could be considered for FWA type UE at late stage of Rel-18 or future releases.
2) Architrecture-2: Could be considered for both smart phone and FWA type UE in Rel-18.
3) Architrecture-3: Could be further checked in future meetings depending on the updated scope of Rel-18 or further considered in future releases.
4) Architrecture-4: Do not consider it for New-Type non-collocated deployment.
Observation 5: The Type-2 non-collocated Intra-band NR CA architecture is reused from Type-2 non-collocated EN-DC deployment, in which the totally 4 Rx antenna and 2 Rx Path per cc is the assumption.
Observation 6: In Rel-16, it proves that UE is already able to achieve 25dB power imbalance with 1dB REFSENS relaxation for Type-2 non-collocated EN-DC deployment.
Observation 7: It could be deducted that UE is able to achieve 25dB power imbalance with 1dB REFSENS relaxation for Type-2 non-collocated intra-band NR-CA deployment.
Observation 8: Too fragmental UE types has no benefit from network perspective.
Proposal 5: No need to revisit 25dB power imbalance with 1dB REFSENS relaxation for Type-2 Intra-band non-collocated NR-CA, i.e., neither reduce the power imbalance nor define several power imbalance values is acceptable.

4. Reference
[1] RP-222309 “New WID: Support of intra-band non-collocated EN-DC/NR-CA deployment” KDDI, RAN#97.
[2] R4-2212011 “On the UE RF aspects for non-collocated EN-DC,NR-CA”, Samsung, RAN4#104e
[3] R4-2214458 “WF on NonCol_intraB_ENDC_NR_CA”, KDDI, RAN4#104e


image1.emf
Diplexer

Antenna

Mixer

Filter

iLNA (Multiple Gain 

modes)

ADC

To Digital 

BB(digital filter+ 

digital BBA)

X  8

（

4 for CC1, 4 for CC2

）

Mixer

Filter

ADC

Diplexer

Antenna

LNA (Multiple Gain 

modes)

Mixer

Filter

ADC

To Digital 

BB(digital filter+ 

digital BBA)

X  4

To Digital 

BB(digital filter+ 

digital BBA)

Diplexer

Mixer

Filter

ADC

To Digital 

BB(digital filter+ 

digital BBA)

Antenna

X  4

（

each Path for both CC1 and CC2

）

Achitecture-1

Achitecture-2

Achitecture-4

LNA (Multiple Gain 

modes)

LNA (Multiple Gain 

modes)

iLNA (Multiple Gain 

modes)

iLNA (Multiple Gain 

modes)

iLNA (Multiple Gain 

modes)

Qlink

Qlink

Qlink

Qlink


oleObject1.bin
Diplexer


Antenna


Mixer


Filter



