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Introduction
In Release 18 WI for support of a non-collocated scenario for co-banded ENDC or NRCA [1], the example combination is DC_42_n77, with PSD imbalances of up to 25dB to be evaluated. In this contribution, we evaluate the differences in architecture necessary to support co-located and non-collocated scenarios for 2Rx and 4Rx for the different bands and contiguous/non-contiguous cases.
Discussion
This contribution focuses on the number of supported Rx paths and not the number of UL MIMO layers supported. The latter is more a base-band aspect, and a power imbalance of 25dB may not provide the right SNR to support UL MIMO for the lower power channel.
Non-collocated DC_42_n77 versus collocated
One of the key impacts of the larger power imbalance for the non-collocated scenario, as compared to the 6dB imbalance for collocated scenario, is related to the need for separate AGC settings for each band. This applies to the AGC in the front-end LNA as well which then has an implication on the number of antennas required.

The starting point for the lowest incremental implementation is based on the mandatory support of 4Rx for n77 single band. This is shown the first row for Table 1 that lists the incremental hardware needed to support ENDC for:
· 2RX or 4Rx per band => impact on number of paths
· Contiguous or non-contiguous channels => impact on number of LO frequencies and BB bandwidth
· Collocated or non-collocated scenario => impact on number of separate AGC settings and number of RF paths.

Table 1: HW impact of support of different collocated and non-collocated scenarios
	configuration
	architecture capability
	RF/analog HW

	band
42
	band
n77
	contiguous
	collocated
	antennas
	LO 
freq.
	AGC
setting
	BB BW
	LNAs
	Mixers
	Analog
paths

	 
	4Rx
	na
	yes
	4
	1
	1
	100MHz
	4
	4
	4

	2Rx
	2Rx
	yes
	yes
	4
	1/2
	1
	100MHz separate BB paths available for 2LO but 1LO feasible with larger BB BW
	4
	4
	4

	2Rx
	2Rx
	no
	yes
	4
	2
	1
	100MHz
	4
	4
	4

	2Rx
	2Rx
	yes
	no
	4
	1/2
	2
	100MHz separate BB paths to handle PSD difference. 2LO may be needed to cope with image issues for contiguous case
	4
	4
	4

	2Rx
	2Rx
	no
	no
	4
	2
	2
	
	4
	4
	4

	2Rx
	4Rx
	yes
	yes
	4
	1
	1
	120MHz
	4
	4
	4

	2Rx
	4Rx
	no
	yes
	4
	2
	1
	100MHz
	4
	6
	6

	2Rx
	4Rx
	yes
	no
	6
	2
	2
	100MHz separate BB paths 
to handle PSD difference
	6
	6
	6

	2Rx
	4Rx
	no
	no
	6
	2
	2
	
	6
	6
	6

	4Rx
	4Rx
	yes
	yes
	4
	1
	1
	120MHz
	4
	4
	4

	4Rx
	4Rx
	no
	yes
	4
	2
	1
	100MHz
	4
	8
	8

	4Rx
	4Rx
	yes
	no
	8
	2
	2
	100MHz separate BB paths 
to handle PSD difference
	8
	8
	8

	4Rx
	4Rx
	no
	no
	8
	2
	2
	
	8
	8
	8



Table 1 assumes that each receive path can provide a similar performance as the single band operation. Thus, that each channel has a dedicated optimum BB filter and AGC setting.

With such assumptions:
· The main difference for non-contiguous versus contiguous channels reception is the additional LO frequency (which is usually available for inter-band combinations). In the contiguous case, with limited PSD imbalance (6dB in collocated scenario), the two channels can be received by the same path with a single LO frequency, provided that the BB BW is sufficient to receive the aggregated bandwidth with minor performance impact. At 25dB imbalance, the contiguous case may require two LO to avoid the image of the stronger signal limits the SNR of the weaker signal.
· For collocated versus non-collocated scenario, where for collocated scenario the two band can be received on the same antenna and with the same LNA (same AGC setting), to get the optimum BB dynamic range, the non-collocated scenario requires as many antennas and LNAs as the total number of Rx to be supported.

Observation: since band n77 must support 4Rx, a number of ENDC scenarios can be supported with the same RF front end with small increments in TRX/BB support:
· 2Rx 42 + 2Rx n77 collocated/non-collocated scenarios, with four independent RX paths and higher BB BW/additional LO frequency for contiguous/non-contiguous cases
· 2Rx 42 + 4RX n77 for collocated scenarios with higher BB BW/additional LO frequency and 6 BB paths for contiguous/non-contiguous cases
· 4Rx 42 + 4Rx n77 for collocated scenarios with higher BB BW/additional LO frequency and 8 BB paths for contiguous/non-contiguous cases
· Note that additional LO frequencies and BB paths are in general available for inter-band combinations support in the UE, for co-banded cases it is generally a matter of routing the same RF path to multiple LO/Rx paths.
· All non-collocated scenarios with support for more than four total Rx require additional RF paths/antennas for the additional Rx to be supported 
· Note that this is true if the 25dB imbalance must be supported throughout the entire dynamic range, and no compromises on receive performance are allowed. We will evaluate several options later in this contribution

Proposal for non-collocated scenario support:
· Default support is 2Rx per band (4Rx total) with 25dB imbalance
· Support of >2Rx per band is optional, with signalling of 4Rx support per band
· If no compromises on receiver performance/dynamic range are feasible, this will require additional RF/antenna paths
· If some compromises are feasible on receiver performance/dynamic range, it can be studied whether the impact on the number of RF/antenna paths can be reduced
Options for >2Rx/band with reduced hardware impact
The core reason why there is a need for one antenna/one RF path per total number of Rx support for the non-collocated scenario is the need for independent AGC setting per band, including the LNA. 

If a common antenna/LNA is used to receive both bands, and bands are split at the output, there is no option to have a significant AGC for one band without degrading the noise figure for the other band. Thus, it is not possible to provide a receiver performance that is similar to the single-band performance in the full dynamic range, even with separate LO/mixer/BB paths per band/Rx.

To illustrate this, we examine two extremes:
· If the lowest signal is at REFSENS, then the higher signal is at REFSENS+25dB and can be handled if some dedicated BB AGC can be applied (this means that even for a contiguous case, separate BB paths are needed per band). In this case, both signals can be received with the LNA at max gain/lowest NF. Thus, the same LNA/antenna can be used for each path. Still note that this means that the ACS/blocking requirements for the higher signal case may not be met.
· If the highest signal is at max Rx power of -25dBm then the lower signal, although at -50dBm (if equal allocation per band), will see its noise floor increased if the LNA/antenna is shared, as the LNA will need its maximum AGC attenuation/worst NF setting. Thus, for the two bands to share the same antenna and LNA, a reduced dynamic range should be accepted (lowest max power and/or lower dynamic range for the lowest signal). Note again that ACS/blocking, MIMO support is dependent on receiver dynamic range.

Observations for LNA/Antenna sharing: To enable the LNA/antenna to be shared by the two bands, relaxed dynamic range should be accepted for both bands:
· Maximum receiver power being reduced for the stronger signal
· Lowest signal dynamic range being reduced => relaxation on modulation order/MIMO support for the weaker signal
· Blocking/ACS may not be specified for this case
· Note that at a lower PSD imbalance some of these issues will diminished, and eventually get to the collocated scenario performance level

Proposal: to enable higher >2Rx/band support without increase of antenna/RFFE complexity, the following aspect are studied at a 25dB PSD imbalance:
· Relaxed requirement in maximum power for largest signal, and QPSK REFSENS 
· Clarify modulation order and MIMO support
· Design of the appropriate tests scenarios
· ACS and blocking tests are not performed at 25dB imbalance, check if 6dB imbalance is appropriate.
Conclusions
In this contribution, we presented our recommendations on the UE architecture impact of supporting an increased number of Rx per band in the non-collocated scenario. This includes a 25dB PSD imbalance with a focus on the impact on antennas and the RF front-end. In this context, we make the following proposal on options.

Proposal for non-collocated scenario support:
· Default support is 2Rx per band (4Rx total) with 25dB imbalance
· Support of >2Rx per band is optional, with signalling of 4Rx support per band
· If no compromises on receiver performance/dynamic range are feasible, this will require additional RF/antenna paths
· If some compromises are feasible on receiver performance/dynamic range, it can be studied whether the impact on the number of RF/antenna paths can be reduced

Finally, we further explore if the hardware impact on antenna and the RF front-end can be reduced while accepting relaxed receiver performance. This is the basis for a proposal to study the options.

Proposal: to enable higher >2Rx/band support without increase of antenna/RFFE complexity, the following aspect are studied at a 25dB PSD imbalance:
· Relaxed requirement in maximum power for largest signal, and QPSK REFSENS 
· Clarify modulation order and MIMO support
· Design of the appropriate tests scenarios
· ACS and blocking tests are not performed at 25dB imbalance, check if 6dB imbalance is appropriate.
References
[1] RP-221809 New WID: Support of intra-band non-collocated EN-DC/NR-CA deployment, KDDI, RAN#96
3GPP
