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1
Background
In 3GPP RAN#98 meeting a revised WID for Rel-18 Work Item on “Further RF requirements enhancement for NR and EN-DC in frequency range 1 (FR1)” has been approved [1]. One of the working areas of the WI is to “Enable 8Rx for CPE/FWA/vehicle/industrial devices” where for the four example bands the two main objectives are:
· Specify the UE RF requirements to support 8Rx

· 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

In 3GPP RAN4#105 meeting, a Way Forward [2] has been approved where the remaining open issues are categorized into topics “ΔRIB for 8Rx for TDD”, “ΔTRxSRS”, “ΔPPowerClass for SRS antenna switching for PCMAX_H,f,c”  and “Others (guard period, release independence, FDD band)”.

In the following, we will provide our view and proposals for the majority of open issues from the Way Forward.
2
Discussion
2.1
ΔRIB for 8Rx for TDD
In accordance with the WF [2] the two remaining issues on this topic will be jointly discussed. 

Issue 2-2: PDCCH aggregation level

· Proposals

·   Option 1: PDCCH aggregation level =8 applies to 8Rx (Qualcomm [9])

·   Option 2: Other

· Proposal 1: Inform RAN5 that 8RX REFSENS requirements are specified under assumption of PDCCH aggregation level=8 (Qualcomm [9])

· Proposal 2: RAN4 core specification does not have restriction on PDCCH aggregation level meaning that lower than or equal to PDCCH aggregation level =8 is assumed, and PDCCH aggregation level used as the test condition for ΔRIB for 8Rx should be further discussed in RAN5. (DOCOMO [10])

· Proposal 3: We can consider both PDCCH AL = 4 and AL = 8 with the focus on AL = 4 first. If needed, we can specify two types of requirements, i.e. Type-1 and Type-2 for AL = 4 and AL = 8, respectively, with no new UE capability introduced (only declared for conformance tests). (Ericsson [11])
<Recommended WF>

Discuss with issue 2-2
Issue 2-3: Value of ΔRIB for 8Rx
· Proposals
	
	MediaTek [1]
	Sony [3]
	Huawei [7]
	OPPO [8]
	Qualcomm [9]
	DOCOMO [10]
	Ericsson [11]

	
	PDCCH aggregation level=8
	If PDCCH aggregation is not changed
	
	
	
	PDCCH aggregation level=8
	
	
	If one value is preferred

	N41
	-4.0~4.4
	-4.0
	-4.7
	-4.0
	-4.5
	-4.5
	-4.5
	-4.7
	-4.5

	N77\n78
	-4.0~4.4
	-4.0
	-4.2
	-4.0
	-4.5
	-4.5
	-4.5
	-4.2
	-4.5


<Recommended WF>

Further discussion is needed.
In current RAN4 LTE specifications [3], for both ΔRIB,4R and ΔRIB,8R requirements there is no specific assumption on Aggregation Level (AL) being used (nor it was a part of discussion when ΔRIB,4R and ΔRIB,8R were specified to the best of our knowledge). The same is true for ΔRIB,4R requirement in RAN4 NR specification [4]. In addition, in RAN5 NR specification [5] for REFSENS conformance tests downlink signals are initially set up (as part of the test initial conditions) according to Annex C.2 [5] meaning AL is set to 4. Since in a test procedure the AL is not changed nor there is a specified requirement on AL during the connection for the measurements of the receiver characteristics (except for ACS testing where AL depends on both CBW and SCS), AL=4 does not change during the REFSENS conformance test. 

It is highly probable that a receiver with 8Rx ports would have a higher Noise Figure (NF) than a receiver with 2Rx ports. In the previous meeting it was recognized that a reliable PDCCH decoding could be a bottleneck for the 8Rx REFSENS conformance tests due to the higher NF and the lower operating SNR at the receiver. Reliable PDCCH decoding is thus of very high importance for 8Rx performance.

To compare PDCCH demodulation performance for AL=4 and AL=8 for 2Rx, 4Rx and 8Rx cases we have performed link-level simulations with the parameters given in Table 1.

	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix

	
	
	
	
	
	
	

	10 
	48
	2
	4 and 8
	R.PDCCH. 1-2.4 FDD

(DCI 1_1, 52bits)
	AWGN
	1Tx

2Rx/4Rx/8Rx


Table 1 – Link-level simulation assumptions for PDCCH demodulation performance.
The simulation results are shown on Figure 1.

[image: image1.png]PDCCH BLER

107

10?2

PDCCH CBW=

O0MHz, SCS=15kHz, AWGN, 1Tx, DCI=52bits

—&—8Rx-AL8.
~ O 8Rx-AL4
—A—4Rx-AL8.
~ A 4Rx-AL4
—&—2Rx-AL8.
-~ ©O- 2Rx-AL4

-14 -12




Figure 1 – PDCCH demodulation performance AL=4 vs. AL=8 for 2Rx, 4Rx and 8Rx.
Table 2 summarizes the SNR needed to achieve PDCCH BLER 1%. 
	
	8Rx
	4Rx
	2Rx

	AL=8
	-11.1dB
	-9.3dB
	-6.4dB

	AL=4
	-8.9dB
	-7.1dB
	-4.2dB


Table 2 – SNR (dB) to achieve PDCCH BLER 1%.
For 8Rx, we can expect 2.2dB gain for AL8 compared with AL4. Also, ce can see that for AL=4 the SNR around -7dB is needed for 1% BLER PDCCH demodulation performance.
In the following, for the example bands n41 and n78 we perform an analysis to estimate which SNR is experienced at the receiver during the reference sensitivity conformance test when the downlink signal level is set to the appropriate REFSENS value. The SNR is calculated based on the following expression [6]:
Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM – diversity gain
Factor (-174dBm(kT)) represents the sensitivity at the room temperature for a bandwidth of single RB. BW represents the channel bandwidth, which is equal to 10MHz as in the analysis above. Since it consists of PDCCH channel, we do not assume the maximum transmission bandwidth configuration of 10MHz channel (52 RBs) but rather 48 RBs corresponding to the CORESET bandwidth. For SCS=15kHz 10*log(48*180kHz) = 69.4dB. IM is the implementation margin equal to 2.5dB according to [6]. The diversity gain is equal to 3dB, 6dB and 9dB for 2Rx, 4Rx and 8Rx, respectively. For 2Rx the NF for band n78 is equal to 10dB according to [6]. For 4Rx and 8Rx we assume that the NF is equal to 11dB and 12.5dB, respectively. We assume the same values for the NF for band n41 even tough in practice those values could be lower. REFSENS values for 2Rx and 4Rx are specified in [4] while for 8Rx we estimate the REFSENS values assuming ΔRIB,8R=-4.7dB for band n41 and ΔRIB,8R=-4.2dB for band n78. We obtain the following results for the SNR:
n41 2Rx:

-94.8dBm = -174dBm + 69.4dB + 10dB + SNR + 2.5dB – 3dB  =>  SNR = 0.3dB.

n41 4Rx:

-97.5dBm = -174dBm + 69.4dB + 11dB + SNR + 2.5dB – 6dB  =>  SNR = -0.4dB.

n41 8Rx:

-99.5dBm = -174dBm + 69.4dB + 12.5dB + SNR + 2.5dB – 9dB  =>  SNR = -0.9dB.

n78 2Rx:

-95.8dBm = -174dBm + 69.4dB + 10dB  + SNR + 2.5dB – 3dB  =>  SNR = -0.7dB.

n78 4Rx:

-98dBm = -174dBm + 69.4dB + 11dB + SNR + 2.5dB – 6dB  =>  SNR = -0.9dB.

n78 8Rx:

-100dBm = -174dBm + 69.4dB + 12.5dB + SNR + 2.5dB – 9dB  =>  SNR = -1.4dB.

We conclude that the calculated SNR values for 8Rx case are far from the 1% BLER PDCCH AL=4 value estimated by simulations (~-7dB) which means that PDCCH decoding is not a bottleneck during REFSENS conformance tests if AL=4. We could even increase the IM or the NF and the same conclusion would still hold. Obviously, assuming a single requirement ΔRIB,8R=-4.5dB for all bands also wouldn’t change the conclusion.
Proposal 1: There is no need to assume a specific value for AL for 8Rx REFSENS specification since PDCCH decoding is not a bottleneck during REFSENS conformance tests.
When it comes to the exact value of ΔRIB,8R, as it was argued in previous meetings, for LTE ΔRIB,8R is limited to -4dB mostly due to the assumption on handheld type of devices and thus complexities of front-end design, where putting higher number of RF chains and antennas in a very limited area would increase the antenna coupling losses. Moreover, for the typical design there is an imbalance between different antennas due to their locations and their different distance to a corresponding LNA and modem which could vary considerably.

In this Work Item, the handheld type of devices is not considered and despite the potential larger size of a CPE/FWA/industrial devices compared with a handheld one, due to their smaller complexity in general (e.g. fewer supported operating bands meaning fewer other antenna elements to be supported for support of e.g. lower bands etc.), it is expected to have more freedom when it comes to front-end design, including PCB layout, RF chains, antenna locations etc. For CPE/FWA devices, the antennas could be expected to be placed such that they form an antenna array which can be directed towards the BS and thus provide the gain (due to a fixed position of the device). There would also be more freedom in locating the LNA for all the antenna elements without large differences in routing loss between elements as compared to handheld devices. Finally, for typical handheld devices the quality of Rx (diversity) antennas could be considerably lower than the quality of Tx antennas and it is reasonable to expect that such difference is smaller to some extent for CPE/FWA devices. For those reasons, in our view for the assumed types of devices in this WI the value of ΔRIB,8R should be equal to ΔRIB,4R  reduced by 2dB (with no specific assumption on PDCCH AL). Alternatively, ΔRIB,8R=-4.5dB could be adopted.
Proposal 2: Adopt ΔRIB,8R = -4.7dB for bands n7 and n41, and ΔRIB,8R = -4.2dB for bands n77, n78 and n79. If one value is preferred, adopt ΔRIB,8R = -4.5dB for all bands.
2.2
ΔTRxSRS
2.2.1   Issue 3-1: Value of ΔTRxSRS for antennas other than main branch
< Agreement in Main session>
· The discussion for value of ΔTRxSRS focuses on PC3.

Proposed values for ΔTRxSRS for PC3
	bands
	ΔTRxSRS
	Huawei [7]
	OPPO [8]
	Qualcomm [9]
	DOCOMO [10]
	Ericsson [11]
	Averaged value

	n77/n78 and below
	2T8R
	
	3.5
	4.0
	4.0
	3.0
	3.6

	
	1T8R/2T8R
	
	4.5
	4.0
	4.0
	4.0
	4.1

	n79
	1T8R
	8
	5.5
	6.0
	
	
	

	
	2T8R
	8
	[4]
	6.0
	
	
	

	
	1T8R/2T8R
	8
	6
	6.0
	
	
	


<Recommended WF>

Further discussion is needed.
In order not to degrade DL-MIMO performance and have an adequate reciprocal CSI-RS estimation it is important not to have too loose margins for ΔTRxSRS especially since the gNB measures the resulting radiated SRS power per SRS port(s) which include different antenna element gains (in a typical implementation, antenna elements on diversity paths have a poorer quality compared with the antenna elements on the main path).
As we can see e.g. on Figure 2 in [7], the typical implementation architecture for ‘t2r8’ SRS-TxSwitch capability (where no fallback to 1 PA is needed to be supported) is equivalent to having two ‘t1r4’ architectures in parallel. Thus, there is no need to increase ΔTRxSRS in this case (compared with ΔTRxSRS for ‘t1r4’), since there are no additional RF switching modules introduced for the worst-case positioned antennas nor the routing losses are higher. Since ΔTRxSRS for ‘t1r4’ and n77/n78/n41 is equal to 3dB, we propose to adopt the same value for ‘t2r8’. Since for power class 3 and all ‘txry’ SRS-TxSwitch capabilities with x≤2 and y≤4 the difference between ΔTRxSRS for bands n78 and n79 is equal to 1.5dB, we propose to adopt ΔTRxSRS=4.5dB for ‘t2r8’ and n79.
As for a typical ‘t1r8-t2r8’ architecture at least one additional RF switching module is added compared with ‘t1r4’ (or equivalently ‘t2r8’) case and having in mind the arguments stated above, we propose to add 1dB to ΔTRxSRS requirement compared with ‘t2r8’ case, meaning ΔTRxSRS=4dB for n77/n78/n41 bands and ΔTRxSRS=5.5dB for n79 band.
If it is preferred to adopt a single value for all ‘t1r8’, ‘t2r8’ and ‘t1r8-t2r8’ SRS-TxSwitch capabilities, for power class 3 we are fine to adopt ΔTRxSRS=4dB for n77/n78/n41 and ΔTRxSRS=5.5dB for n79 as a compromise.
Proposal 3: For 2T8R case adopt ΔTRxSRS = 3dB for bands n77/n78/n41 and ΔTRxSRS = 4.5dB for band n79. For 1T8R+2T8R case adopt ΔTRxSRS = 4dB for bands n77/n78/n41 and ΔTRxSRS = 5.5dB for band n79. If it is preferred to adopt a single value for 1T8R, 2T8R and 1T8R+2T8R cases we are fine to adopt ΔTRxSRS=4dB for n77/n78/n41 and ΔTRxSRS=5.5dB for n79 as a compromise. 

2.2.2   Issue 3-2: Value of ΔTRxSRS for the main branch
· Proposals

·  Option 1: 1.5dB for PCMAX_L,f,c. (Huawei [7])

·  Option 2: Zero (Qualcomm [9], Ericsson [11])

<Recommended WF>

Further discussion is needed.
As it can be seen in [7] for example, for typical implementations of ‘t1r8’, ‘t2r8’ and ‘t1r8-t2r8’ SRS-TxSwitch capabilities the insertion loss on the main branch is not higher compared with ‘txr4’ cases. Even for the suboptimal architecture where SP8T RF switch is used for the main branch, the difference compared with SP4T in terms of the additional insertion loss is around 0.6dB, so there is no need to introduce 1.5dB relaxation for PCMAX_L,f,c. Finally, ΔTRxSRS requirement by definition represents the maximum allowed additional insertion loss of the receive branches compared with the insertion loss of the main branch, whatever the insertion loss of the main branch may be. So, it does not make much sense to adopt ΔTRxSRS different than 0dB for the main branch.
Proposal 4: Do not adopt ΔTRxSRS=1.5dB for PCMAX_L,f,c for the main branch. 

2.2.3   Issue 3-3: Indication of ΔTRxSRS to NW
· Proposals

·  Option 1: Introduce for both 4Rx and 8Rx (Huawei [7], Qualcomm [9])

·  Option 2: No need to introduce (OPPO [8], Ericsson [11])

·  Option 3: Further study is needed

· Proposal 1: RAN4 should discuss a way to utilize the indication of actual ΔTRxSRS values to network and ask RAN1 if possible candidate approaches require RAN1 spec changes or not before the introduction of the indication. (Nokia [2])

· Proposal 2: If the resolutions have pros and cons, the net gain must be justified before the introduction. (Nokia [2])

· Proposal 3: If there is still interest on this, FFS following issues (OPPO [8])

·  The benefit of reporting the 1.5dB/1dB SRS IL for 1T8R and 2dB/1dB SRS IL for 1T8R/2T8R considering the large variation of PL in the space.

·  How NW to apply the reported SRS IL for each antenna in the channel estimation considering there is no one to one mapping between physical antennas and antenna ports, and also how to cope with the human body impacts.

· Proposal 4: Study the benefit of indication of ∆TRxSRS values per each branch for also 2RX and 4RX, and agree indication to be used for any number of RX for which benefits can be shown (Qualcomm [9])

<Recommended WF>

Further discussion is needed especially for how NW use this information, including for instance

· Necessity of mapping the IL’s for each SRS path with SRS ports and how to map if necessity is found

· Benefits of the indication to be further evaluated considering:

· different variations between the IL’s for each SRS path

·  the large variation of PL in the space
· How to cope with human body impacts.
· if PHR 3 cannot be an alternative or not
ΔTRxSRS is a minimum requirement which is normally dimensioned to cover the highest insertion loss among the receiving antennas. It is obvious that the knowledge of a minimum requirement on ΔTRxSRS is not sufficient for the accurate DL CSI estimation especially when the actual insertion loss between different receiving branches varies substantially. We recognize that reporting of some kind of information regarding the different insertion loss performance between receiving branches can be beneficial for the DL CSI acquisition. 
Proposal 5: It is beneficial to report some kind of information related to different insertion losses between receiving branches in order to improve the accuracy of DL CSI estimation. 

2.3
ΔPPowerClass for SRS antenna switching for PCMAX_H,f,c
Issue 4-1: Whether or not to remove ΔPPowerClass for SRS antenna switching to PCMAX_H,f,c 
· Proposals

· Option 1: Remove (Huawei [5][7])

· Option 2: Not remove (Ericsson [11])

· Option 3: Further study is needed
· Proposal 1: As a starting point for the discussion, a way to prevent UE from using antenna virtualization as well as a way to avoid ambiguity of achievable power per antenna port should be further discussed. (Nokia [2])
· Proposal 2: Proponent to prepare a draft CR of the exact changes to specification and continue the discussion based on that on the removal of applicability of ΔPPowerClass applied for PCMAX_H,f,c  for PC2 capable UE with txDiversity-r16 and xT2R/xT4R/xT8R capabilities (Qualcomm [9])
<Recommended WF>

Further discussion is needed especially for UE antenna virtualization issue.

Ideally, the SRS switching should be carried out with one full-power PA. However, since the PC2 UE with txDiversity-r16 capability may use a half-power PA to switch across all antenna ports (virtualization) including the TX port, that can imply a 3 dB reduction of the maximum power of all SRS transmissions (case of two TX chains), e.g. for transmission of all SRS resources for 1T8R. That uncertainty on whether a full-power or a half-power PA is used for the antenna switching, i.e. to prevent the antenna virtualization, was the main motivation for the specification of ΔPPowerClass parameter. Since we do not see any difference with xT8R compared with xT2R and xT4R cases we propose the following: 

Proposal 6: Do not remove ΔPPowerClass applied for PCMAX_H,f,c  for PC2 capable UE with txDiversity-r16 and xT8R capabilities. 

2.4
Others (guard period, release independence, FDD band)
2.4.1   Issue 5-1: whether to remove or not the guard period between two SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage
· Proposals

· Option 1: Remove (Ericsson [11])

· Option 2: Do not remove (Qualcomm [9])
<Recommended WF>

Further discussion is needed.

As the number of Rx antenna ports grows it becomes more challenging to have an accurate and timely downlink CSI based on uplink sounding, which is especially important for the vehicle type of device where the channel varies rapidly. If the SRS for a part of the channel bandwidth is received too late at the BS a corresponding DL MIMO transmission could suffer from “channel-aging” problem where the transmit precoder would not take into account the current (actual) state of the channel. 

One additional challenge in the scenario of scheduling of more than one SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage is the introduced guard period of Y symbols between each two SRS resources. Note that if one SRS resource belong to a resource set with ‘antennaSwitching’ usage and the other SRS resource transmitted in different symbols of the same slot belong to a resource set with some other usage (e.g. ‘beamManagement’), the guard period is not required between the two.

The problem with the guard period could be illustrated in the example of a typical downlink oriented TDD UL/DL configuration DDDSU where the slot format of the special slot (S) is 10:2:2 (10 OFDM symbols for DL, 2 symbols are flexible and 2 symbols for UL) and where more than one SRS resource should be transmitted in different symbols during a slot. Even if the SRS resource length (nrofSymbols in resourceMapping) is set to the minimum value of 1, if one SRS resource is transmitted during the first UL symbol of the special slot, the guard period forbids any other UL transmission during the second UL symbol. “Piggybacking” SRS resource to PUSCH during the UL slot would reduce the throughput performance on the UL, especially in the case of 1T8R where eight SRS resources are spread in time and may reduce the UL throughput substantially.
Proposal 7: Remove the requirement on the guard period between two SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage. 

2.4.2   Issue 5-3: requirements for FDD band
· Proposals

· Option 1: ΔRIB,8R = -4.7dB for bands n7

· Option 2: TBA

<Recommended WF>

Further discuss requirements for FDD in next meeting.

As band n7 was recognized as one of the less challenging bands when it came to the specification of ΔRIB,4R=-2.7dB we support Option 1 to adopt ΔRIB,8R=-4.7dB, meaning 2dB difference between 4Rx and 8Rx cases. 
Proposal 8: Adopt ΔRIB,8R=-4.7dB for band n7. 

3
Conclusion

In this contribution, we have shared our view on most of the open issues from the Way Forward from the previous meeting and we have made the following proposals:
Proposal 1: There is no need to assume a specific value for AL for 8Rx REFSENS specification since PDCCH decoding is not a bottleneck during REFSENS conformance tests.
Proposal 2: Adopt ΔRIB,8R = -4.7dB for bands n7 and n41, and ΔRIB,8R = -4.2dB for bands n77, n78 and n79. If one value is preferred, adopt ΔRIB,8R = -4.5dB for all bands.
Proposal 3: For 2T8R case adopt ΔTRxSRS = 3dB for bands n77/n78/n41 and ΔTRxSRS = 4.5dB for band n79. For 1T8R+2T8R case adopt ΔTRxSRS = 4dB for bands n77/n78/n41 and ΔTRxSRS = 5.5dB for band n79. If it is preferred to adopt a single value for 1T8R, 2T8R and 1T8R+2T8R cases we are fine to adopt ΔTRxSRS=4dB for n77/n78/n41 and ΔTRxSRS=5.5dB for n79 as a compromise. 

Proposal 4: Do not adopt ΔTRxSRS=1.5dB for PCMAX_L,f,c for the main branch. 

Proposal 5: It is beneficial to report some kind of information related to different insertion losses between receiving branches in order to improve the accuracy of DL CSI estimation. 

Proposal 6: Do not remove ΔPPowerClass applied for PCMAX_H,f,c  for PC2 capable UE with txDiversity-r16 and xT8R capabilities. 

Proposal 7: Remove the requirement on the guard period between two SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage. 

Proposal 8: Adopt ΔRIB,8R=-4.7dB for band n7. 
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