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Introduction
In RAN4#105 meeting, RRM requirements for supporting intra-band non-collocated EN-DC/NR-CA deployment were discussed in RAN4 and the progress on RRM requirements were captured in WF [1]. In this contribution, we will provide the further discussion on the RRM impacts of introducing a new NR FDD operating band.
Discussion
[bookmark: _Hlk125984896]For supporting intra-band NR-CA in non-collocated deployment, the UE capabilities were separately discussed for 2-layer MIMO and 4-layer MIMO cases. 
Two-layer MIMO case
For 2-layer MIMO case, Type 2 UE is assumed and RAN4 has achieved the agreements on MRTD/MTTD requirements for Type 2 UE. 
For non-collocated FR1 intra-band non-contiguous CA, MRTD=33us and MTTD =34.6us are agreed for Type 2 UE. However, RAN4 still needs to study the impacts on other RRM requirements, and the following issues have been captured in WF [1].
	Issue 1-3-1: Impacts on SCell activation requirements
· Proposals
· Option 1:
· [bookmark: _Hlk125982136]The existing SCell activation delay for intra-band contiguous scenario needs to be clarified with co-location assumption.
· RAN4 shall define the SCell activation delay for activating an FR1 intra-band non-collocated SCell.
· Option 2: 
· FFS

Issue 1-3-2: Impacts on scheduling availability requirements
· Proposals
· Option 1: 
· The scheduling availability needs to be revisited when intra-band non-collocated CA in FR1 is configured
· Option 2: 
· FFS


The existing SCell activation delay requirements in FR1 are separately defined for intra-band contiguous case and other cases (including intra-band non-contiguous case and inter-band case). For intra-band contiguous case, BS TAE is defined as 260ns, which implies that non-collocated deployment is impossible. So, co-located deployment is assumed for intra-band contiguous CA since R15, and the same assumption is also kept in R18. There is no need to further clarify co-located deployment for intra-band contiguous case in SCell activation delay requirements. In R18, MRTD for intra-band non-contiguous CA is extended from 3us to 33us, which is same as that for inter-band CA. For intra-band non-contiguous case, the existing SCell activation delay requirements for other cases also can be applied.
Proposal 1: The existing SCell activation delay requirements in FR1 can also be applied for FR1 intra-band non-contiguous CA supporting non-collocated deployment for 2-layer MIMO case.
The current interruption requirements at SCell addition/release/activation/deactivation in FR1 are separately defined for intra-band case and inter-band cases. For inter-band case, separate Rx chains are assumed, and there is no interruption due to AGC settling. For intra-band case, shared Rx chain is assumed, and the interruption due to AGC settling is included. In R18, Type 2 UE with separate Rx chains are assumed for intra-band non-contiguous case, which is same as the assumption for inter-band case. So, the current interruption requirements for inter-band CA also can be applied for intra-band non-contiguous CA. The current interruption requirements for FR1 intra-band case need to be revised as being applied for FR1 intra-band contiguous case.
Proposal 2: The existing interruptions requirements as SCell addition/release/ activation/deactivation in FR1 for FR1 inter-band CA can be applied for FR1 intra-band non-contiguous CA supporting non-collocated deployment for 2-layer MIMO case.
For current scheduling availability requirements, the scheduling restrictions on one FR1 serving cell shall also apply to other serving cells in the same band based on the assumption that shared Rx chain is used for intra-band CA, and there is no scheduling restrictions on serving cells in other bands based on the assumption that separate Rx chains are used for inter-band CA. Due to separate Rx chains assumed for intra-band non-contiguous CA for supporting non-collocated deployment, there is no scheduling restrictions on non-contiguous serving cells in the same band.
Proposal 3: In R18, for FR1 intra-band CA for 2-layer MIMO case, there is no scheduling restrictions on non-contiguous serving cells in the same band.
[bookmark: _Hlk127385450][bookmark: _Hlk127386035][bookmark: _Hlk127385567]In R16, the capability interBandMRDC-WithOverlapDL-Bands is introduced to determine whether Type 1 UE or Type 2 UE assumed for inter-band EN-DC with overlapping or partially DL bands. If the capability is not reported, Type 1 UE is assumed. For Type 1 UE, MRTD=3us and MTTD =5.21us are supported for FR1 inter-band sync EN-DC with overlapping DL bands, which are the same as the requirements for FR1 intra-band CA only supporting collocated deployment. Hence, it needs to be clarified the current RRM requirement for FR1 intra-band CA for collocated deployment are applied for FR1 inter-band sync EN-DC with overlapping DL bands with Type 1 UE. If the capability is reported, Type 2 UE is assumed.  For Type 2 UE, MRTD=33us and MTTD =35.21us are agreed for FR1 inter-band sync EN-DC with overlapping DL bands for supporting non-collocated deployment. The RF architecture assumptions for Type 2 UE are aligned with the RF architecture assumptions for other FR1 inter-band sync EN-DC cases. 
Proposal 4: For FR1 inter-band EN-DC with overlapping or partially DL bands, the requirements for FR1 intra-band EN-DC only supporting collocated deployment are applied for Type 1 UE, which needs to be clarified in R16 and R17.
Four-layer MIMO case
[bookmark: _Hlk127439928]For 4-layer MIMO case, the MRTD/MTTD requirements for supporting non-collocated non-contiguous intra-band NR-CA and inter-band EN-DC with overlapping DL bands need to be studied. The MRTD value is derived from BS TAE and the maximum propagation delay difference between CCs. For FR1 non-contiguous intra-band NR-CA, the BS TAE is defined as 3us in TS38.104. So, RAN4 needs to the maximum propagation delay difference in non-collocated deployment.
Based on the agreements in [2], Type 3a/3b and Type 4a/4b are assumed for 4-layer MIMO case. The assumed UE architectures for Type 3a/3b and Type 4a/4b in [2] are listed as Table 1
Table 1: UE Types for 4-layer MIMO case
	UE
Type
	
CC#
	antenna
/ LNA
	Mixer
	Analog
BB
	#Rx
	NRCA/
ENDC
	power
imbalance
	comment

	[3a]
	1
	4
shared
	4
	4
	4Rx
	ENDC
	6<P≤25dB
partial range
	Reuse of baseline RFFE architecture adding 2LO/BB/Rx and RF split after 2 LNAs out of 4 => common AGC on LNA => 25dB partial range

	
	2
	
	2
	2
	2Rx
	
	
	

	[3b]
	1
	4
shared
	4
	4
	4Rx
	NRCA
ENDC
	6<P≤25dB
partial range
	Reuse of baseline RFFE architecture adding 2LO/BB/Rx and RF split after all 4 LNAs => common AGC on LNA => 25dB partial range

	
	2
	
	4
	4
	4Rx
	
	
	

	[4a]
	1
	4
	6
total
	4
	4
	4Rx
	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
	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
	
	
	


The discussion on Type 3a/3b UE is prioritized. Type 3a/3b UE has shared LNA for 4Rx, which means common AGC on LNA. The maximum propagation delay difference will be impacted by the allowed power balance level, where the propagation delay difference is increased with the power balance level. The power balance for Type 3a/3b UE has been discussed in RF session, however no conclusion was achieved.
For Type 3a/3b UE, the MRTD/MTTD requirements for supporting non-collocated non-contiguous intra-band NR-CA and inter-band EN-DC with overlapping DL bands need to be larger than 3us. For SCS=30kHz, CP length is 2.34us. The RTD for non-collocated deployment can be longer than CP. When UE performs common AGC settling operations, there may have an interruption on the first/last symbol of a slot and cause performance degradation. Even for collocated deployment, the MRTD value is longer than CP, and a note is added for clarifying the performance degradation. Similarly, the same note can be added for Type 3a/3b UE for supporting non-collocated deployment.
[bookmark: _GoBack]Proposal 5: For 4-layer MIMO with Type 3a/3b UE, the MRTD requirements for non-collocated FR1 intra-band non-contiguous CA and inter-band EN-DC with overlapping DL bands can be defined as (3us +ΔT), where ΔT is the maximum propagation delay difference determined by the agreed power imbalance for Type 3a/3b UE.
Conclusions
In this paper we provided our analysis on RRM requirements for supporting intra-band non-collocated EN-DC/NR-CA deployment. The followings are provided.
Proposal 1: The existing SCell activation delay requirements in FR1 can also be applied for FR1 intra-band non-contiguous CA supporting non-collocated deployment for 2-layer MIMO case.
Proposal 2: The existing interruptions requirements as SCell addition/release/ activation/deactivation in FR1 for FR1 inter-band CA can be applied for FR1 intra-band non-contiguous CA supporting non-collocated deployment for 2-layer MIMO case.
Proposal 3: In R18, for FR1 intra-band CA for 2-layer MIMO case, there is no scheduling restrictions on non-contiguous serving cells in the same band.
Proposal 4: For FR1 inter-band EN-DC with overlapping or partially DL bands, the requirements for FR1 intra-band EN-DC only supporting collocated deployment are applied for Type 1 UE, which needs to be clarified in R16 and R17.
Proposal 5: For 4-layer MIMO with Type 3a/3b UE, the MRTD requirements for non-collocated FR1 intra-band non-contiguous CA and inter-band EN-DC with overlapping DL bands can be defined as (3us +ΔT), where ΔT is the maximum propagation delay difference determined by the agreed power balance for Type 3a/3b UE.
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