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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
In this contribution we discuss the MRTD and MTTD values stated in WID objectives [1]:
	· …
Phase I:
· Study the feasibility to support non-co-located scenarios for both FR1 inter-band EN-DC with overlapping and FR1 intra-band 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.
…



Table 1: WID objectives
2	Discussion
From the WF [2] we have:
	…
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

…



Table 2: WF agreements

The definition of MRTD and MTTD:


Where:
· TAE:  The BS TX frame start difference at ARP for the component carrier.
· : The line-of-sight propagation difference from component carrier ARP to UE.
· : The delay from first multipath component received at UE RX to the last one.

The NR CP is intended to cover not only uncertainties due to RF channel delay spread. The RF channel delay spread is a function of the environment and the cell size. 
[bookmark: _Hlk126251147]Observation 1: The CP is mainly intended to cover RF channel delay spread.
In NR FR1 for WI example bands n77/78 and in LTE band 42 we have CP from 144 Ts for SCS = 15 kHz down to 72 Ts for SCS = 30 kHz and finally CP = 36 Ts for SCS = 60 kHz.
	SCS (kHz)
	15
	30
	60

	CP (µs)
	4.7
	2.3
	1.2



Table 3: CP as a function of SCS
A cell with a 500 meters cell radius will have a maximum delay of 3.3 µs (1000 m). In TS 38.133 we have delay profiles for NR channel models up to 2.6 µs. 
Observation 2: A cell with a 500 meters cell radius will have a maximum delay of 3.3 µs (1000 m). In TS 38.133 we have delay profiles for NR channel models up to 2.6 µs.
[bookmark: _Hlk126329818]Observation 3: MRTD = CP does not suffice to handle even the RF channel delay spread, in the largest cells and leaves no room for , which is important for BS deployment separation and flexibility, as well as UE mobility.
The existing TAE requirement for FR1 is stated as follows in TS 38.104: “For intra-band non-contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 3µs”. This is the same as the cell phase sync requirement in TS 38.133: “The cell phase synchronization accuracy measured at BS antenna connectors or radiated interface boundaries shall be better than 3 µs”.
Observation 4: The existing requirements for intra-band non-contiguous CA TAE = 3 µs and Cell Phase sync = 3 µs, for TDD.
To keep TAE = 3 µs is important for site transmission reuse. To keep and Cell Phase sync = 3 µs is important for the TDD holdover time. A large fraction of Cell Phase Sync is holdover time.
<Editors’s note: Picture>
Observation 5: To keep TAE = 3 µs is important for site transmission reuse. To keep and Cell Phase sync = 3 µs is important for the TDD holdover time. A large fraction of Cell Phase Sync is holdover time.
The final term, besides  and TAE already discussed is . The CP is already fully booked in the delay budget with the . We need more room in MRTD to fit a which will allow BS deployment separation and flexibility, as well as UE mobility. 
In RAN4 104-bis [4] the following UE RF architectures were agreed as candidates: 
	…
Agreement: 
· [bookmark: _Hlk125042786]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
	
	
	
	


…



Table 4: UE architectures
There are several UE types to consider. UE Type 2 is already standardized, with 2 MIMO layers. UE Type 3 can handle rank 4 MIMO, but shares LNA. In RAN4 104-bis [4] the following UE RF architectures were agreed as candidates:
The drawback with type 3 UE is stated in [3]:
“…For the architecture Type 3a/3b, it is agreed that the each receiver branch will have an LNA shared by the two CCs. The power imbalance between the CCs could lead to signal distortion, especially on the weaker CC as the gain of the LNA will have to be aligned to the stronger carrier. Large MRTD will create issues in aligning the LNA gain switch timing. Since the gain switch can only be aligned to the slot boundary of one of the CCs, the gain change will happen during the useful symbol on the other CC distorting the received signal…”.
and
“…The UE should be able to handle a power imbalance larger than 6dB, however, a RTD > CP cannot be handled by the same LNA. In order to enable 4Rx on each CC, the actual RTD should be within the CP such that the LNA gain switching does not distort the useful part of the signal. If the switch happens in the useful part of the signal, the SNR on one of the carriers will be impacted. The performance degradation is rather difficult to assess as it depends on several factors such as actual RTD, which channels are affected (reference signals, control channel or data channel), the actual SNR of the affected signals, etc. This analysis will be very time consuming and results are likely to vary among companies…”.

A UE type with shared LNA as Type 3a and Type 3b is not suited to fulfill the objective of the WI: “Study the feasibility to support non-co-located scenarios”, since all LNA control has to take place during overlapping CA. This will lead to limited deployment flexibility for the operators and stricter BS time sync requirements, i.e, limited MRTD and stricter TAE.
A type 2 UE, which is already standardized, does not suffer from limited power imbalance or frequency range. A type 2 UE  will give flexibility of deployment, i.e. larger MRTD and is compatible with existing TAE for non contiguous intra band.
Observation 6: A type 3 UE will lead to limited deployment flexibility for the operators, i.e. small MRTD.
Observation 7: A type 3 UE will lead to stricter BS time sync requirements in operator synchronization network which will limit site reuse.
Observation 8: A type 2 UE does not suffer from limited power imbalance or frequency range.
Observation 9: A type 2 UE is compatible with existing TAE for non contiguous intra band.
The already agreed MRTD/MTTD requirements for non-collocated FR1 intra-band non-contiguous NR-CA for Type 2 UE (MRTD=33 µs, MTTD = 34.6 µs) and MRTD/MTTD requirements for non-collocated FR1 inter-band synchronous EN-DC with overlapping DL bands for Type 2 UE, MRTD = 33 µs, fulfill this.
Observation 10: The agreed MRTD/MTTD values for Type 2 UE give large room for .
[bookmark: _Hlk126251407]Observation 11: A type 2 UE is compatible with large MRTD agreed in WF MRTD = 33 µs and MTTD = 33 and MTTD = 34.6 µs
Proposal 1: Base WI on Type 2 UE and type 4, UE with large MRTD = 33 µs and MTTD = 33 and MTTD = 34.6 µs, for large deployment flexibility and reuse of existing site infrastructure. Remove the colocation restriction in TS 38.133.
[bookmark: _Hlk126334063]However, if we add type 3 UE with shared LNA to WI then power imbalance should be = 25 dB and MRTD > CP to allow deployment flexibility and reuse of existing site infrastructure. Then we need to find remedies to the limited RTD capability of Type 3 UE. Those remedies could be all or some of:
· UE switch LNA during TDD GP.
· Schedule on one CC as long as possible.
· BS schedule fewer symbols in slot (13/14). This gives CP+1 symbol as extended CP. Can be done for PDSCH, but PDCCH and Broadcast have more constraints, but can be possible (My ref Christian Skärby). 
· Also SCS = 60 kHz has extended CP with 12 symbol slot, already in standard, ECP = 4.17 µs @ SCS = 60 kHz, with UE optional UE support up to an including release 17.
Proposal 2: If type 3 UE with shared LNA are added then power imbalance should be = 25 dB and MRTD > CP to allow deployment flexibility and reuse of existing site infrastructure.
Observation 12: Then we need to find remedies to the limited RTD capability of Type 3 UE. Those remedies could be all or some of: 
· UE switch LNA during TDD GP.
· Schedule on one CC as long as possible.
· BS schedule fewer symbols in slot (13/14). This gives CP+1 symbol as extended CP. Can be done for PDSCH, but PDCCH and Broadcast have more constraints, but can be possible (My ref Christian Skärby). 
· Also SCS = 60 kHz has extended CP with 12 symbol slot, already in standard, ECP = 4.17 µs @ SCS = 60 kHz, with UE optional UE support up to an including release 17.
3 	Summary
Observation 1: The CP is mainly intended to cover RF channel delay spread.
Observation 2: A cell with a 500 meters cell radius will have a maximum delay of 3.3 µs (1000 m). In TS 38.133 we have delay profiles for NR channel models up to 2.6 µs.
Observation 3: MRTD = CP does not suffice to handle even the RF channel delay spread, in the largest cells and leaves no room for , which is important for BS deployment separation and flexibility, as well as UE mobility.
Observation 4: The existing requirements for intra-band non-contiguous CA TAE = 3 µs and Cell Phase sync = 3 µs, for TDD.
Observation 5: To keep TAE = 3 µs is important for site transmission reuse. To keep and Cell Phase sync = 3 µs is important for the TDD holdover time. A large fraction of Cell Phase Sync is holdover time.
Observation 6: A type 3 UE will lead to limited deployment flexibility for the operators, i.e. small MRTD.
Observation 7: A type 3 UE will lead to stricter BS time sync requirements in operator synchronization network which will limit site reuse.
Observation 8: A type 2 UE does not suffer from limited power imbalance or frequency range.
Observation 9: A type 2 UE is compatible with existing TAE for non contiguous intra band.
Observation 10: The agreed MRTD/MTTD values for Type 2 UE give large room for .
Observation 11: A type 2 UE is compatible with large MRTD agreed in WF MRTD = 33 µs and MTTD = 33 and MTTD = 34.6 µs
Proposal 1: Base WI on Type 2 UE and type 4, UE with large MRTD = 33 µs and MTTD = 33 and MTTD = 34.6 µs, for large deployment flexibility and reuse of existing site infrastructure. Remove the colocation restriction in TS 38.133.
Proposal 2: If type 3 UE with shared LNA are added then power imbalance should be = 25 dB and MRTD > CP to allow deployment flexibility and reuse of existing site infrastructure.
Observation 12: Then we need to find remedies to the limited RTD capability of Type 3 UE. Those remedies could be all or some of: 
· UE switch LNA during TDD GP.
· Schedule on one CC as long as possible.
· BS schedule fewer symbols in slot (13/14). This gives CP+1 symbol as extended CP. Can be done for PDSCH, but PDCCH and Broadcast have more constraints, but can be possible (My ref Christian Skärby). 
· Also SCS = 60 kHz has extended CP with 12 symbol slot, already in standard, ECP = 4.17 µs @ SCS = 60 kHz, with UE optional UE support up to an including release 17.
References
[bookmark: _Ref508638450][bookmark: _Ref3386619][1] 	RP-222309, New WID: Support of intra-band non-collocated EN-DC/NR-CA deployment, KDDI
[2] R4-2220398, WF on RRM requirements for intra-band non-colocated EN-DC/NR-CA Huawei, HiSilicon, Samsung
[3] R4-2218770, Issues for Non-collocated Deployments with 4Layers per CC, Qualcomm
[4] 	R4-2217734, “WF on NonCol_intraB_ENDC_NR_CA for New Type UE”, KDDI
1

