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Introduction
At RAN#95 meeting, the WI was approved to study the feasibility to support non-co-located scenario for FR1 intra-band non-contiguous EN-DC/NR-CA [1]. The discussion started on RRM side from RAN4#105 and the WF was captured in [2]. In this paper, we will continue discussing the impact on RRM requirements for different UE types respectively.      
Discussion on Type 2 UE
Since Rel-15, RRM requirements for intra-band EN-DC and NR-CA are specified with the assumption of co-located deployment. In this WI [1], RAN4 will introduce non-collocated deployment for intra-band EN-DC and NR-CA in FR1. 
The main difference between co-located deployment and non-collocated deployment will be the distance between the cells. For co-located deployments, the distance between cells will be close enough that we can ignore the impact on time difference or side conditions or others due to inter-cell distance. But for non-collocated deployments, there is no limitation on the distance between cells and cells can be located anywhere within the FR1 cell coverage. Hence, the existing RRM requirements for intra-band EN-DC and NR-CA in FR1 which are only applied for co-located deployment will not fulfil the non-collocated deployment. RAN4 need to discuss the impact on RRM requirements.
MRTD and MTTD for non-collocated FR1 intra-band EN-DC/NR-CA
[bookmark: _Hlk118722846]In RRM MRTD and MTTD requirements, only collocated deployment for intra-band EN-DC and NR-CA is assumed and applied. In this WI [1], RAN4 will discuss the requirements to support non-collocated intra-band EN-DC and NR-CA in FR1, especially MRTD and MTTD requirements need to be specified for this scenario and deployment.
In last RAN4 meeting, we have discussed MRTD/MTTD requirements and have a good progress for type-2 UE. The agreements and open issues captured in agreed WF [4] are listed as below:
	Issue 1-2-1: MRTD/MTTD requirements for non-collocated FR1 intra-band non-contiguous NR-CA for Type 2 UE
· Agreements
· MRTD/MTTD requirements for non-collocated FR1 intra-band non-contiguous NR-CA for Type 2 UE
· MRTD=33us
· MTTD=34.6us
Issue 1-2-2: MRTD/MTTD requirements for non-collocated FR1 inter-band synchronous EN-DC with overlapping DL bands for Type 2 UE
· Agreements
· MRTD/MTTD requirements for non-collocated FR1 inter-band synchronous EN-DC with overlapping DL bands for Type 2 UE
· MRTD=33us
· MTTD=35.21us
Issue 1-2-3: MRTD/MTTD requirements for non-collocated FR1 intra-band asynchronous NR-CA for Type 2 UE
· Proposals
· Option 1: 
· Firstly focus on synchronous operation and revisit asynchronous operation topic after synchronous.
Issue 1-2-4: MRTD/MTTD requirement applicability for Rel-15/16/17 UE:
· Proposals
· Option 1: 
· FFS the applicability of existing MRTD/MTTD requirements for different UE capabilities, i.e. UE supporting interBandMRDC-WithOverlapDL-Bands-r16 or not.
· FFS whether to have further clarification in the spec.




From UE capability, it supports both synchronous and asynchronous EN-DC, UE will indicate if it is capable of asynchronous EN-DC operation. We need to consider the MRTD/MTTD requirements both for synchronous and asynchronous EN-DC. In last meeting, we have agreed the MRTD/MTTD requirements for FR1 non-collocated inter-band synchronous EN-DC with overlapping DL bands for Type2 UE. For asynchronous EN-DC, the relative transmission/receive timing difference between subframe timing of signal from a E-UTRA cell belonging to the MCG and slot timing of signal from a cell belonging to the SCG could be up to half of NR slot. 
The MRTD/MTTD requirements for non-collocated FR1 inter-band asynchronous EN-DC with overlapping DL bands could be half of NR slot.
Till now, RAN4 did not discuss any about synchronous or asynchronous NR CA. We assume that when we discuss NR CA, it is always synchronous NR CA.  Before we discuss the RRM requirements for non-collocated FR1 intra-band asynchronous NR CA, we need to understand what asynchronous NR CA is firstly. Only if we have clear view on the definition of async NR CA, we could continue to discuss and define the related requirements for non-collocated FR1 intra-band async NR-CA.  
RAN4 needs to clarify what asynchronous NR CA is before discussing the requirements for non-collocated FR1 intra-band async NR CA.


Other RRM requirements
In legacy releases, co-located deployment scenario has been assumed for intra-band EN-DC and intra-band NR-CA. Hence some optimized UE behaviour can be assumed when defining the RRM requirements for intra-band scenarios. 
Observation 1: Co-location deployment has been assumed for intra-band EN-DC and intra-band NR-CA.
In RF session, the UE architectures for different UE types are under discussion. Type 2 UE has been concluded in Rel17 where separate Rx chains are assumed for different carriers as cited below [3]. From RRM point of view, the UE operates similar as in inter-band CA or EN-DC scenarios.
· Prioritize Type 3a/3b discussion for 4MIMO layer in Rel-18.
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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
	
	
	
	



SCell activation delay
In existing SCell activation delay requirement, the UE can assume the same timing information between SCell and the active serving cell if they are FR1 intra-band contiguous. However, when non-co-located SCell is considered in the same band, the requirement below would not apply because the assumption of co-location does not hold any more. Therefore, 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 intra-band non-co-located SCell. Given the Type 2 UE architecture, the SCell activation delay for inter-band CA can be applied to intra-band non-colocated SCell.  
TS38.133 clause 8.3.2: 
If the SCell is unknown and belongs to FR1, and if one of the following conditions is met
-	 ‘ssb-PositionInBurst’ indicates only one SSB is being actually transmitted, or
-	 ‘ssb-PositionInBurst’ indicates multiple SSBs and TCI indication is provided in same MAC PDU with SCell activation,
provided that the side condition Ês/Iot ≥ -2dB is fulfilled, Tactivation_time is:
-	TFirstSSB_MAX + TSMTC_MAX + Trs + 5ms, if the following conditions are met, 
-	the SCell is contiguous to an active serving cell in the same band, and
-	its ssb-PositionInBurst is same as the one of contiguous FR1 active serving cell, and
-	its SMTC offset is same as the one of contiguous FR1 active serving cell, and 
-	its RTD with contiguous FR1 active serving cell is smaller than or equal to 260ns with respect to the to-be-activated SCell’s SSB numerology, and its reception power difference with contiguous FR1 active serving cell is smaller than or equal to 6dB;
-	TFirstSSB_MAX + TSMTC_MAX + 2*Trs + 5ms, otherwise.

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.
For Type 2 UE, the SCell activation delay requirement for inter-band CA can be applied to intra-band non-colocated SCell. 

Scheduling restriction
For intra-band CA in FR1, the scheduling restriction on one FR1 serving cell applies to all serving cells in the same band. For instance, the scheduling availability of UE performing beam failure detection is cited as below. This is because the UE is assumed to receive the carriers on the same band using single Rx chain. 
TS 38.133 clause 8.5.7.2:
When intra-band carrier aggregation in FR1 is configured, the scheduling restrictions on FR1 serving PCell or PSCell apply to all serving cells in the same band on the symbols that fully or partially overlap with restricted symbols. When inter-band carrier aggregation within FR1 is configured, there are no scheduling restrictions on FR1 serving cell(s) configured in other bands than the bands in which PCell or PSCell is configured.
However, for non-colocated intra-band case, Type 2 UE is assumed to receive separately on different carriers. There will be no scheduling restrictions on FR1 non-co-located serving cells.
For Type 2 UE, when intra-band non-colocated carrier aggregation in FR1 is configured, there are no scheduling restrictions on FR1 non-co-located serving cells.  
1. Discussion on Type 3/4 UE
In our opinion even though Type 3a/3b is prioritized in discussion after that discussion is concluded or parallel if discussion is not converging RAN4 should define requirements for FWA UE type 4a/4b [5].
This is important as FWA volumes are all the time increasing globally. For example, according to GSA [1] 
“5G FWA customer premises equipment shipments more than doubled to 3.6 million in 2021 – a year-on-year increase of over 162%. FWA CPE shipments are forecast to double again to 7.6 million in 2022”
Some of the FWA devices currently produced [3] support  LTE or NR SA and NSA with 4x4 DL MIMO. There is a need for FWA UE type 4a/4b in future.
RAN4 will also develop requirements for UE type 4a/4b.
From RRM point of view, the type 4 UE has the similar architecture with Type 2 UE except the number of Rxs per carrier. Hence for Type 4 UE we can reuse the same MRTD/MTTD requirement as Type 2 UE.
For Type 4 UE, reuse the same MRTD/MTTD requirement as Type 2 UE. 
1. Conclusion
This contribution discusses the RRM requirements for non-collocated FR1 intra-band EN-DC/NR-CA. The observations and proposals are summarized as below:  
1. The MRTD/MTTD requirements for non-collocated FR1 inter-band asynchronous EN-DC with overlapping DL bands could be half of NR slot.
RAN4 needs to clarify what asynchronous NR CA is before discussing the requirements for non-collocated FR1 intra-band async NR CA.
Observation 1: Co-location deployment has been assumed for intra-band EN-DC and intra-band NR-CA.

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.
For Type 2 UE, the SCell activation delay requirement for inter-band CA can be applied to intra-band non-colocated SCell. 
For Type 2 UE, when intra-band non-colocated carrier aggregation in FR1 is configured, there are no scheduling restrictions on FR1 non-co-located serving cells.  
RAN4 will also develop requirements for UE type 4a/4b.
For Type 4 UE, reuse the same MRTD/MTTD requirement as Type 2 UE. 
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