


[bookmark: Title][bookmark: DocumentFor][bookmark: OLE_LINK1][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting # 104-e                                  R4-2212561                                                
Electronic Meeting, Aug. 15-Aug. 26, 2022

Title: 	Discussion on NR 8Rx
Source: 	ZTE Corporation
Agenda item:	11.6.3
Document for:	Approval
1 Introduction
[bookmark: OLE_LINK6]There were several objectives in the Rel-18 FR1 enh WID [1], in which for 8Rx, the objective is:
[bookmark: OLE_LINK8]Enable 8Rx for CPE/FWA/vehicle/industrial devices [RAN4]
· Example bands:
· [bookmark: OLE_LINK2][bookmark: OLE_LINK10]TDD bands: n41, n77/ n78
· FDD bands: n7
· Note 1: the total number of example band should be limited to 3. n77/n78 are considered as one band during the study.
· Note 2: other bands to be introduced in the release independent way later on from Rel-18
· Note 3: specifying requirements for TDD bands has first priority
· Specify the UE RF requirements to support 8Rx
· [bookmark: OLE_LINK31]Study and specify the requirements to support SRS antenna switching for t1r8, t2r8, t4r8
· Discussion on t4r8 shall start after at least one PC for 4Tx is completed
· NOTE: Requirements are specified with phase approach. Objectives with 1st priority are considered first.
[bookmark: OLE_LINK25][bookmark: OLE_LINK18]In terms of the objectives, UE RF requirements to support 8Rx should be discussed and completed first and the performance requirements should be discussed later. In this contribution, we give some initial discussions on the UE RF requirements and performance requirements related to 8Rx. 
2	Discussion
[bookmark: OLE_LINK66][bookmark: OLE_LINK23][bookmark: OLE_LINK38]The benefit to support 8Rx in NR have already been identified, such as improve the downlink throughput for a single user and enhance the coverage for the uses located at the cell edge. Also to keep the similar MIMO performance as LTE due to 8Rx have already been supported for LTE. 
2.1 UE RF requirements
2.1.1 REFSEN
A straightforward way to define the related RF requirements for NR supporting 8Rx is to adopt the similar approach way as LTE. Actually, when NR supports 4Rx, similar LTE’s approach was also reused, even the reference sensitivity allowance ΔRIB,4R value for the applicable bands are reused from LTE.
In terms of the NR supports 4Rx and LTE supports 4Rx/8Rx, the only impacted Rx requirements is REFSEN requirements, for other Rx requirements such as ACS, blocking, etc. are keep unchanged.
[bookmark: OLE_LINK29]Observation 1. REFSEN should be redefined to support 8Rx
[bookmark: OLE_LINK45][bookmark: OLE_LINK44][bookmark: OLE_LINK43][bookmark: OLE_LINK15]Therefore, it is propose to introduce a new term of ‘ΔRIB,8R’ to modify the REFSEN for the applicable bands. The function of ‘ΔRIB,8R’ is the same with ‘ΔRIB,4R’ for 4Rx which is already used in TS38.101-1.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 1. To introduce a new term of ‘ΔRIB,8R’
[bookmark: OLE_LINK46]Next, the value of ‘ΔRIB,8R’should be defined. In TS36.101-1, the value of ΔRIB,8R for some TDD bands are defined as:
[image: ]
It shall be noted that no FDD band supports 8Rx in current TS36.101-1. 
[bookmark: OLE_LINK65][bookmark: OLE_LINK3][bookmark: OLE_LINK69][bookmark: OLE_LINK4][bookmark: OLE_LINK67][bookmark: OLE_LINK59][bookmark: OLE_LINK61][bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK47][bookmark: OLE_LINK50][bookmark: OLE_LINK58][bookmark: OLE_LINK60][bookmark: OLE_LINK64][bookmark: OLE_LINK63]In our understanding, the ΔRIB,4R and ΔRIB,8R value should be -3dB and -6dB in theory considering the diversity gain of 4Rx and 8Rx compared to 2Rx, respectively. The main reasons for the values cannot reach the theoretical value includes several factors related to design challenges like implementation difficulty, non-ideality same RFFE design for primary Rx path and diversity Rx paths. For example there is no duplexer in diversity Rx paths for FDD band, and for TDD, the switcher shared for Tx/Rx in primary path is more complexity than the one used in diversity Rx paths. From implementation aspect, more diversity Rx paths means more space which cause additional difficult. Even the antenna in diversity Rx paths may be designed independently to support several bands.
[bookmark: OLE_LINK5][bookmark: OLE_LINK49][bookmark: OLE_LINK7]Nevertheless, implementation margins should also be considered for either 4Rx or 8Rx. Actually, the discussion related to implementation margins for bands happened for LTE 4Rx but without agreements or criterion. Consequently, ΔRIB,4R is defined as the compromise values of -2.2dB or -2.7dB for different applicable bands which are not reach the 3dB theoretical gain, and the values are reused to NR supports 4Rx. However, 3dB theoretical value was used for 2Rx considering less challenges and margins.
Moreover, there is no form factor restriction for the bands supporting 8Rx in the TS36.101, which means the -4dB ΔRIB,4R value could be understood as it can compatible with smart phone.
For NR supporting 8Rx, a handful of bands are considered in the WID, i.e. TDD bands: n41, n77/ n78 and FDD bands: n7. . For TDD band n41, n77/n78, it is proposed to use the same LTE value, i.e. -4dB as starting point, and for band n7 supporting 8Rx, by using the similar approaches as 4Rx, where 0.5dB tighten compared with n77/n78, then we can get ΔRIB,8R= -4.5dB as starting point.
[bookmark: OLE_LINK37][bookmark: OLE_LINK48]In terms of the WID, the form factor for the bands supporting 8Rx is clearly specified for CPE/FWA/vehicle/industrial devices. Compared with smartphone, considering the relax implementation restriction for CPE/FWA/vehicle/industrial devices, stringent values may need to be studied, i.e. the absolute value is larger than 4dB for TDD bands n41, n77/n78 or larger than 4.5dB for FDD band n7.
[bookmark: OLE_LINK16][bookmark: OLE_LINK52]Proposal 2. Use ΔRIB,8R = -4dB for band n41, n77/n78 and ΔRIB,8R = -4.5dB for band n7 as starting point and to check/study more stringent values.
[bookmark: OLE_LINK26]2.1.2 ∆TRxSRS
For Tx requirements, as we can see from the PCMAX_L,f,c formula:
 PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c, (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) } 
[bookmark: OLE_LINK20][bookmark: OLE_LINK14][bookmark: OLE_LINK17][bookmark: OLE_LINK21][bookmark: OLE_LINK19][bookmark: OLE_LINK22][bookmark: OLE_LINK39]The main reason to define the ∆TRxSRS is to identify the additional IL when the PA is switched from the primary Tx antenna to the other pure Rx antennas (i.e. non-primary Tx antennas) for the purpose of transmitting SRS, i.e. SRS antenna switch when SRS-TxSwitch capability is indicated. This means primary TX antenna would deliver maximum power SRS while other non-primary Tx antennas would deliver at most ∆TRxSRS dB lower power SRS due to the non-primary Tx antennas maybe placed far away to the antenna of primary Tx, and in this case additional routing loss for RX antennas (switches, RF cabling, PCB trace loss, etc.) should be taken into account. 
[bookmark: OLE_LINK13][bookmark: OLE_LINK24]In current spec, the ∆TRxSRS is defined as band dependence and power class dependence, and it was described with the number of ports in terms of current signaling of srs-TxSwitch and srs-TxSwitch-v1610 defined in TS38.306 as follow.
[image: ]
Obviously, new signaling to include 8Rx SRS switching case such as t1r8, t2r8, t4r8 and the fallback should be defined. It shall be noted that 4Tx will be discussed in parallel with 8Rx. 
In addition, RAN1 have already supported 1/2/4T8R SRS resource type in TS38.214.
[bookmark: OLE_LINK34][bookmark: OLE_LINK28]Proposal 3. New srs-TxSwitch signaling to include 8Rx needs to be defined.
[bookmark: OLE_LINK30][bookmark: OLE_LINK35][bookmark: OLE_LINK40][bookmark: OLE_LINK36]Currently, 3dB ∆TRxSRS was defined for the bands whose FUL_high is lower than the FUL_low of n79. Actually in the beginning, 3dB ∆TRxSRS was defined for all the bands [2], but later it was re-evaluated for band n79 considering the implementation in real field, i.e. larger IL. Nevertheless, all of the other bands than band n79 share the same values. It shall be noted that the ∆TRxSRS is same for the same band regardless of 2Rx and 4Rx.
[bookmark: OLE_LINK41][bookmark: OLE_LINK32][bookmark: OLE_LINK27][bookmark: OLE_LINK33]Therefore, a straightforward way may be that the existing 3dB ∆TRxSRS can be reused for n7/n41/n77/n78 supporting 8Rx.
[bookmark: OLE_LINK42]Proposal 4. 3dB ∆TRxSRS can be reused for n7/n41/n77/n78 supporting 8Rx.
Based on the proposal 4, the updates to include the SRS resource type of 8Rx should be done in TS38.101-1, pending on the RAN2 new signaling design.

2.2 BS performance requirements
Beside the UE RF requirements are given above, we also give some initial discussion on the UL performance (i.e. BS performance) requirements below, although the current phase focus on the UE RF requirement discussion.
2.2.1 Static propagation conditions
In TS 38.101-4, the existing models of static propagation conditions are specified for 2Rx and 4Rx. By introduction of 8Rx, the static propagation condition models should be introduced, which is similar with NR 2Rx and 4Rx, and LTE 8Rx. For those conditions, it can keep similar MIMO performance as LTE. With regards to static propagation conditions for NR 8Rx, the conditions in LTE for 8Rx requirements could be reused. 
Observation 2. Define static propagation conditions for 8Rx, include 1 port、2 port、4 port and 8port.
According to the existing model of LTE 8Rx antenna ports, the static propagation conditions for NR 8Rx can be defined as following:
Proposal 5. Define the following H matrix as 8Rx static channel matrix.
For 1 port transmission the channel matrix is defined in the frequency domain by


For 2 port transmission the channel matrix is defined in the frequency domain by


For 4 port transmission the channel matrix is defined in the frequency domain by


For 8 port transmission the channel matrix is defined in the frequency domain by


MIMO Channel Correlation Matrices
Same as the static propagation conditions, MIMO channel correlation matrices had been specified for 2Rx and 4Rx in TS 38.101-4. So it is necessary to specified the MIMO channel correlation matrices for 8Rx. 
Observation 3. Define MIMO channel correlation matries RgNB and RUE for 8Rx.
Proposal 6. Define the following matrix RgNB and RUE as MIMO channel correlation matries.




In terms of WID, it had clearly specified the CPE/FWA/vehicle/industrial devices for 8Rx. Considering the size and implementation for those equipment, low correlation between antennas can be satisfied to a certain extent. On the other hand, only low correlation and medium correlation were specified for LTE 8Rx. Therefore, we consider low correlation for NR 8Rx in the initial stage.
Proposal 7. Define 8Rx performance with low MIMO channel correlation.

3 Conclusion
In this contribution, we give some initial discussion on the UE RF requirements to support 8Rx, including REFSEN ∆TRxSRS value、static propagation conditions and MIMO channel correlation matrices. The conclusions are:
For UE RF requirements：
REFSEN：
Observation 1. REFSEN should be redefined to support 8Rx
Proposal 1. To introduce a new term of ‘ΔRIB,8R’ 
Proposal 2. Use ΔRIB,8R = -4dB for band n41, n77/n78 and ΔRIB,8R = -4.5dB for band n7 as starting point and to check/study more stringent values.
∆TRxSRS：
Proposal 3. New srs-TxSwitch signaling to include 8Rx needs to be defined.
Proposal 4. 3dB ∆TRxSRS can be reused for n7/n41/n77/n78 supporting 8Rx.
For BS performance requirements：
Static propagation conditions:
Observation 2. Define static propagation conditions for 8Rx, include 1 port、2 port、4 port and 8port.
Proposal 5. Define the following H matrix as 8Rx static channel matrix.
For 1 port transmission the channel matrix is defined in the frequency domain by

.
For 2 port transmission the channel matrix is defined in the frequency domain by

.
For 4 port transmission the channel matrix is defined in the frequency domain by

.
For 8 port transmission the channel matrix is defined in the frequency domain by


MIMO Channel Correlation Matrices:
Observation 3. Define MIMO channel correlation matries RgNB and RUE for 8Rx.
Proposal 6. Define the following matrix RgNB and RUE as MIMO channel correlation matries.




Proposal 7. Define 8Rx performance with low MIMO channel correlation.
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srs-TxSwitch, srs-TxSwitch-v1610
Defines whether UE supports SRS for DL CSI acquisition as defined in clause
6.2.1.2 01 TS 38.214 [12]. The capability signalling comprises of the following
parameters:

- supportedSRS-TxPortSwitch indicates SRS Tx port switching pattern
supported by the UE, which is mandatory with capabiliy signaling. The
indicated UE antenna switching capability of XTyR' corresponds to a UE,
capable of SRS transmission on ‘x’ antenna ports over total of 'y antennas,
where 'y’ corresponds to all or subset of UE receive antennas, where 2T4R
s two pairs of antennas. supportedSRS-TxPortSwitch-v1610, which is
optional to report, indicates downgrading configuration of SRS Tx port
switching pattem. If the UE indicates the support of downgrading
configuration of SRS Tx port switching pattern using supportedSRS-
TxPortSwitch-v1610, the UE shall report the values for this as below, based
on whatis reported in supportedSRS-TxPortSwitch.

‘supportedSRS-TxPortSwitch  supportedSRS-TxPortSwitch-

v1610
tr2 tri-t1r2
trd Hr1-t1r2-t1rd.
t2rd tiri-tr2-2r2-t2rd.
2r2 tiri-t2r2
trd tir1-t2r2-tard
tird-t2rd Hri-t1r2-t2r2-tird-t2rd

- txSwitchimpactToRx indicates the entry number of the first-listed band with
UL (see NOTE) in the band combination that affects this DL, which is
‘mandatory with capability signaling;

- txSwitchWithAnotherBand indicates the entry number of the first-listed band
with UL (see NOTE) in the band combination that switches together with this
UL, which is mandatory with capabilty signaling.

For txSwitchimpactToRx and txSwitchWithAnotherBand, value 1 means first entry,
value 2 means second entry and so on. All DL and UL that switch together indicate
the same entry number.

‘The entry number is the band entry number in a band combination. The UE is
restiicted not to include fallback band combinations for the purpose of indicating
different SRS antenna switching capabilites.

NOTE:  The first-listed band with UL includes a band associated with
FeatureSetUplinkld set to 0 corresponding to the support of SRS-
SwitchingTimeNR.
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