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Introduction
In RAN#103, a new WID [1] was approved on UE RF enhancements for NR FR1/FR2 and EN-DC. One of the main objectives is to enable 6Rx for handheld and FWA UE in Rel-19. In earlier releases, we specified 4Rx and 8Rx for several types of UE. From our perspective, the skeleton of 4Rx and 8Rx requirements can also be referenced for 6Rx since the considerations behind multiple Rx work are similar. In this contribution, we will provide our views on 6Rx requirements for handheld and FWA UEs.
Discussion
The objectives of 6Rx core part were captured as follows:
	· Specify the core requirements to enable 6Rx for higher frequency bands (>2.5GHz) targeting at support of handheld UE for NR FR1 single carrier scenario
· Example bands: n41, n77/n78, n79, n104
· Support 4 MIMO layers at least, and study the gain and feasibility and if feasible, support 6 MIMO layers
· Specify the Rx requirements including reference sensitivity requirements for support 6Rx
· Note: the specified requirements can be applicable to both handheld UE and FWA devices
· [bookmark: _Hlk163224023]Specify the requirements to support SRS antenna switching including t1r6, t2r6, t3r6, t4r6 depending on UE capability
· Study the issue of insertion loss imbalance across SRS ports, and if justified, specify the corresponding solution.


The following discussions will be extended for 6Rx based on above objectives.
6Rx – REFSENS (Delta_RIB)
[bookmark: _Hlk163221398][bookmark: _Hlk163221672]Reference sensitivity (REFSENS) is one critical Rx requirements for multiple-Rx capable UE since it is the foundation to derive other Rx requirements. Similar to 4Rx/8Rx, instead of specifying REFSENS for UE capable of multiple Rx (larger than 2Rx), reference sensitivity allowance Delta_RIB is specified, which is the REFSENS difference compared with 2Rx basic REFSENS. Based on this situation, in 6Rx REFSENS discussion, it is proposed to specify Delta_RIB,6R for UE with 6 antenna port.
For each operating band, the Delta_RIB,6R can be defined as one value for all supported CBWs. This principle has been used for other cases, and 6Rx can also reuse it.
Before Rel-18, the PDCCH aggregation level was not considered into core spec, and only defined in test specification. In Rel-18, the issue PDCCH aggregation level was discussed for 8Rx, in the spirit that this would also have an impact on the requirements. However, no consensus was reached after lengthy discussion. Some companies preferred to introduce this item in RF specification while others didn’t. For now, it is not included in 38.101-1. So, if no more technical ground compared to 8Rx study stage can be raised, it is preferred also not to explicitly define PDCCH aggregation level in 38.101-1 while discussing Delta_RIB,6R requirement.
Regarding possible differentiation or alignment of the REFSENS requirements for FWA and handheld UE, the case of 4Rx can be referenced which requirements are listed as following:
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In 4Rx, Delta_RIB,4R was developed in several stages in several WIs. For some bands, unified requirements for FWA and handheld UEs were defined, while for some low bands requirements were differentiated. We think it is reasonable since handheld UE and FWA UE have different form factors and the implementation margins are different, however this is a new WI and it is possible to have unified requirements if analysis show the differentiation is not large or sufficiently justified for the bands interested here. This results in different REFSENS requirements for different types of UE. For 6Rx, handheld UE is expected to have more relaxed REFSENS requirement than FWA UE. We suggest to use notes to differentiate handheld and FWA UEs.
For the detailed requirements, unlike 4Rx/8Rx which have LTE precedents, 6Rx have no corresponding LTE requirements as starting point, thus more analysis may be needed in early phase, and is likely to be somewhere between 4Rx and 8Rx. In this process, the differentiation of different bands needs to be considered.
Based on these analyses, the following general proposals are provided for REFSENS.
Proposal 1：Define Delta_RIB,6R for 6 Rx FWA and Handheld UE REFSENS considering:
· Define one delta value for all CBWs
· Do not consider PDCCH Aggregation Level in the RF spec
· Consider different requirements for different bands
· Handheld and FWA UE requirements differentiation can be further discussed 

[bookmark: _Hlk163225008]6Rx – ΔTRxSRS
From the objectives of 6Rx, RAN4 will specify the requirements supporting SRS antenna switching including t1r6, t2r6, t3r6, t4r6 depending on UE capability. However, we found that the configurations t3r6 and t4r6 were not supported in TS 38.306. The UE capability srs-AntennaSwitchingBeyond4RX-r17 was described as follows. 
	[bookmark: _Hlk163224354]srs-AntennaSwitchingBeyond4RX-r17
Indicates whether the UE supports SRS Antenna switching for more than 4 Rx. The capability signalling comprises the following parameters:
-	supportedSRS-TxPortSwitchBeyond4Rx-r17 indicates a combination of supported xTyRs. It includes 11-bit bitmap, where starting from the leading / leftmost bit (bit 0), each bit corresponds to {t1r1, t2r2, t1r2, t4r4, t2r4, t1r4, t2r6, t1r6, t4r8, t2r8, t1r8}. For any indicated value, x shall be equal to or smaller than the one associated with the largest y.
-	entryNumberAffectBeyond4Rx-r17 indicates the entry number of the first-listed band with UL in the band combination that affects this DL.
-	entryNumberSwitchBeyond4Rx-r17 indicates the entry number of the first-listed band with UL in the band combination that switches together with this UL.
The UE indicating support of this shall indicate support of srs-TxSwitch.

NOTE:	If reported for the same values of xTyR in supportedSRS-TxPortSwitchBeyond4Rx-r17 as reported with supportedSRS-TxPortSwitch/supportedSRS-TxPortSwitch-v1610, the reported values for entryNumberAffectBeyond4Rx-r17 and entryNumberSwitchBeyond4Rx-r17 are not valid.
	BC
	No
	N/A
	N/A


From above table, we can observe that only t2r6 and t1r6 were supported for 6Rx, and t3r6/t4r6 were not supported for 6Rx SRS antenna switching. In addition, according to R19 MIMO WID [2], RAN1 will not enhance SRS source in Rel-19 for 3Tx. Therefore, we think the SRS antenna switching will not support the configurations t3r6 and t4r6. 
Based on this situation, it is suggested to preclude t3r6 and t4r6 SRS antenna switching configuration for 6Rx in Rel-19 and update the WID objective in the next plenary.
[bookmark: _Hlk163224888]Proposal 2：Preclude t3r6 and t4r6 SRS antenna switching configuration for 6Rx in Rel-19 and update the WID objective in the next plenary.
For SRS antenna switching, we also need to specify the ΔTRxSRS for 6Rx SRS antenna switching. This value is the additional insertion loss when UE transmits SRS on Rx antenna port and it is highly related to the RF architecture for SRS antenna switching. The following figure is an example RF architecture for t1r6. The value of ΔTRxSRS includes the insertion loss of RF switches used and additional SRS trace.
In all, the value of ΔTRxSRS is highly related to the RF architecture for SRS antenna switching, including the insertion loss of RF switch (e.g. SP4T, SP2T) and additional SRS trace.


Fig. Example RF architecture for t1r6
Proposal 3: Discuss ΔTRxSRS based on typical RF architectures.



6 vs. 4 MIMO Layers
In the WID scope, the gain and feasibility need to be studied for 6 MIMO layers. 
Though this seems a baseband problem, actually there are pretty much RF and antenna design impact on this issue. For example, if 6Rx can not have a reasonable low correlation between antennas in a physical design, 6 layer performance may not have significant, if any gain compared to 4 layer performance. Such evaluation would not only need link level simulation, but a fairly credible correlation model/set of parameters for 6Rx which can represent realistic design. It seems that this is still missing in current stage.
Although in 38.101-4, a number of correlation matrices were provided and may be working as starting points, there are no 6Rx options. In addition, those correlation matrices for conformance testing may significantly be different to the UE implementation design, and how much could be extended is still questionable.
Proposal 4: Discuss a framework to study the gain and feasibility of 6 layers compared to 4 layers for 6Rx, probably including a reference antenna correlation based on implementation for 6Rx to facilitate simulation.

6Rx – ΔTRxSRS Imbalance Reporting
This issue was discussed in late Rel-18 for a long time, but no consensus has been reached. It is indeed that in certain scenarios could have performance benefits as earlier evaluations have shown. However, there were also a lot of other restrictions and existing scheme such as antenna dynamic switching that would make any workable schemes complicated. Furthermore, there are already implementations that could effectively compensate in a significant number of scenarios, thus further reduce the tentative gain that could be achieved via reporting. 
Anyway, since now we have a new WI, more study may be possible, and a balance should be considered in complexity, effectiveness, and necessity.
Proposal 5: Study the issues of insertion loss imbalance across SRS ports.

Release independent issues
For release independent issue, we suggest to specify 6Rx release independent from Rel-17 or Rel-18. The major consideration is that UE capability for SRS antenna switching beyond 4Rx (t1r6, t2r6) was introduced in Rel-17. We think it will be no harm this 6Rx feature can be release independent from Rel-17. It is also OK to specify 6Rx release independent from Rel-18 if companies chose so.
Proposal 6: Specify 6Rx release independent from Rel-17 or Rel-18.
 Conclusion
This contribution discusses 6Rx requirements for handheld and FWA UE. The following general proposals are provided:
Proposal 1：Define Delta_RIB,6R for 6 Rx FWA and Handheld UE REFSENS considering:
· Define one delta value for all CBWs
· Do not consider PDCCH Aggregation Level in the RF spec
· Consider different requirements for different bands
· Handheld and FWA UE requirements differentiation can be further discussed

[bookmark: _GoBack]Proposal 2：Preclude t3r6 and t4r6 SRS antenna switching configuration for 6Rx in Rel-19 and update the WID objective in the next plenary.
Proposal 3: Discuss ΔTRxSRS based on typical RF architectures.
Proposal 4: Discuss a framework to study the gain and feasibility of 6 layers compared to 4 layers for 6Rx, probably including a reference antenna correlation based on implementation for 6Rx to facilitate simulation.
Proposal 5: Study the issues of insertion loss imbalance across SRS ports.
Proposal 6: Specify 6Rx release independent from Rel-17 or Rel-18.
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For UE(s) equipped with 4 Rx antenna ports, reference sensitivity for 2Rx antenna ports in Table 7.3.2-1a and in Table
7.3.2-1b shall b modified by the amount given in ARyp 4 in Table 7.3.2-2 for the applicable operating bands. For
operating band frequency range < 1 GHz, the 4Rx operation is primarily for FWA form factor, and when 4Rx operation
is supported by handheld UE, ARg 4 as indicated in Table 7.3.2-2 NOTE 2 is applied.<

Table 7.3.2-2: Four antenna port reference sensitivity allowance AR 4r¢

. Operating band< ARiB4r (dB)< <
=n5, n8, n13, n28, n71, n85, n105< -2.71¢ 3
=n5, n8, n28, n71, n20, n26¢ -2.42¢ <

-

=n1, n2, n3, n25, n30, n40, n7, 270
n34, n38, n39, n41, n66, n70< .

="n48, n77, n78, n79, n104< -2.2¢ 3

=NOTE 1: When 4 Rx operation is supported by FWA form factor«
NOTE 2: When 4Rx operation is supported by handheld UE.<

¢

For UE(s) equipped with 8 Rx antenna ports, reference sensitivity for 2Rx antenna ports in Table 7.3.2-1a and in Table
7.3.2-1b shall be modified by the amount given in AR sr in Table 7.3.2-2a for the applicable operating bands.<

Table 7.3.2-2a: Eight antenna port reference sensitivity allowance ARg gr¢

. Operating band< ARgsr (dB)< <

- n7< -4.5¢ <

- n41< -4.3¢ =

- n77,n78, n79¢ -4.0¢ <

=NOTE 1: 8 Rx operation is targeted for FWA/CPE/Vehicle/Industrial ¢
devices form factor.<!
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