[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK151][bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 Meeting # 105-e                                 R4-2218193
Toulouse, France, 14 – 18 November 2022

Source: 	Apple
Title: 	Further discussion on intra-band non-collocated CA/EN-DC 
Agenda Item:	8.11.2
Document for:	Discussion
Introduction
There were extensive discussions [1] on intra-band non-collocated CA/EN-DC. 2 WF [2, 3] have been approved respectively for 2MIMO layer case and 4MIMO layer case in the last RAN4 meeting.
This contribution will further discuss the open issue for 2MIMO layer case and 4MIMO layer case.
Discussion
Two MIMO layer case
The following was agreed for UE reference architecture and the power imbalance in RAN4#104bis-e.· 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.
· 25dB power imbalance with 1dB REFSENS relaxation for Type-2 Intra-band non-collocated NR-CA





Since the same reference UE architeture is used for intra-band non-collocted CA as that for intra-band non-collocated EN-DC, it is reasonable to also reuse the power imbalance requirement for intra-band non-collocated EN-DC in 7.6B.2.6 of 38.101-3. E.g. allow 1dB REFSENS degradation for the wanted carrier in the presence of another carrier at a specific frequency separation from the wanted carrier.
Table 2.1.1-1 test parameter setting for power imbalance rqruiement for intra-band non-collocated CA
	Test config
	Carriers
	Rx Power in transmission bandwidth configuration (dBm)
	channel bandwidth
	Center of BWanother Relative to edge of BWwanted

	1
	Wanted carrier
	REFSENS + 1
	BWwanted ≤ BWanother
	< max (5/2* BWanother, 50MHz)

	
	Another carrier with overlapping DL bands
	Power of wanted carrier + 25
	
	

	2
	Wanted carrier
	REFSENS + 1
	BWwanted > BWanother
	

	
	Another carrier with overlapping DL bands
	Power of wanted carrier + 25 – 10*log10(BWwanted /BWanother)
	
	

	3
	Wanted carrier
	REFSENS + 1
	NA
	≥ max (5/2* BWanother, 50MHz)

	
	Another carrier with overlapping DL bands
	Power of wanted carrier + 25
	
	



Proposal 1: It is proposed to define the power imbalance requirement as shown in Table 2.1.1-1 for intra-band non-collocated CA. 
Four MIMO layer case
The following candidate UE types as well as the reference architecture considerations were agreed in [3]. It was also agreed to prioritize UE type 3a and 3b for 4MIMO layer case in Rel-18 and the following need to be further discussed for UE type 3a/3b,
· 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.
	[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
	
	
	
	



As seen in the table, the first LNA will be shared between CC1 and CC2 for type 3a/b UE. It means any gain change initiated by one CC will affect another CC. Then it is especially important that the timing between 2CCs is aligned to some extent. If the time difference between these 2 CCs is within CP, then no performance impact is expected. If the timing difference is larger than CP, the gain change due to one CC will impact the performance of another CC within the received symbol. 
For the band combination in 3.5GHz, the CP length is about ~2.35us, which is already smaller than 3us (network synchronization error). From this perspective, there is no remaining time budget to accommodate the receiving time difference due to propagation time difference. If operator want to enable 4MIMO layer for this scenario, it is preferred to check whether the network synchronization can be tightened in the real deployment for this specific combination. The intention is NOT proposing to tighten the 3us cell phase synchronization requirement defined in 38.133. But it might be necessary to be considered for such a CA combination from deployment perspective if operator want to enable 4MIMO layer.
Here, we assume the 1.5~2 us synchronization error can be achieved by the network. Then the remaining time margin to accommodate the propagation time difference is about 0.3~0.8us. it means the distance of 2 non-collocated TRPs shall not exceed a distance corresponding to 0.3~0.8us time budget for propagation difference.
Table 2.2.2-1 gives a mapping between power imbalance, inter-site distance. A power imbalance value between below 15dB seems reasonable based on the assumption that network synchronization can be tightened to 1.5~2us in such a deployment.
	Power imbalance (dB)
	Inter-site distance (m)
	Propagation time difference (us)

	6
	65
	0.22

	10
	99
	0.33

	15
	168
	0.56

	20
	283
	0.94

	25
	479
	1.6



Proposal 2: It is proposed to check whether there is a room to further reduce the network synchronization error and what is the margin.
Proposal 3: It is proposed to consider a reduced power imbalance value for 4MIMO layer.
Note: Even if there is room to tighten the network synchronization, the power imbalance of 25dB seems also impossible to handle.
The study on limitations or exceptions on dynamic range, REFSENS and blocking requirement should be done after we conclude the scenario related impact as mentioned in proposal 3 and proposal 4. 
Other aspects
MRTD and MTTD requirement is based on TAE requirement. While the current TAE requirement in 38.104 is only defined for intra-band collocated CA and inter-band CA. TAE requirement for intra-band non-collocated CA needs to be included or update the applicability description of the current requirement. While it is noted that TAE is not in the scope of the current WID.
Observations: TAE requirement is relevant to this scenario while it is not in the current WID scope.
Proposal 4: It is proposed to update the WID scope to include TAE requirement for intra-band non-collocated TAE and list 38.104 and 38.141-1/2 as the affected existing specifications.
Summary
This contribution presented our views on the open issue for intra-band non-collocated EN-DC/CA. The following observations and proposals are concluded.
Proposal 1: It is proposed to define the power imbalance requirement as shown in Table 2.1.1-1 for intra-band non-collocated CA. 
Proposal 2: It is proposed to check whether there is a room to further reduce the network synchronization error and what is the margin.
Proposal 3: It is proposed to consider a reduced power imbalance value for 4MIMO layer.
Note: Even if there is a room to tighten the network synchronization, the power imbalance of 25dB seems also impossible to handle.
Observations: TAE requirement is relevant to this scenario while it is not in the current WID scope.
Proposal 4: It is proposed to update the WID scope to include TAE requirement for intra-band non-collocated TAE and list 38.104 and 38.141-1/2 as the affected existing specifications.
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