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1 Introduction
RAN#95-e approved Rel-18 RF FR1 enhancements WI [1]. One of the objectives in the WI is introduction of 8Rx requirements. Related agreements are captured in [2] in RAN4#104-e and in [3] in RAN4#104-e-bis. This paper provides our view on the topic.
2 Discussion
2.1 Overview


In RAN4#104-e, work plan was proposed [4]. If we follow the original work plan, hopefully we would like to agree ΔRIB for TDD bands and ΔTRxSRS for 1tr8 and 2tr8 in RAN4#105. And, in next meeting, we would like to start an initial discussion for SRS antenna switching requirements for 4t8r and ΔRIB for FDD band n7. In addition to issues described in the original work plan, in previous meeting, we found additional issues such as device types and targeted bands. Note that since completion date of this work item is RAN4#109 while the completion date of 8Rx in [4] is RAN4#107, there are three meeting left between the complete dates, but we also need to take into account whole progress of this work item including 4Tx and lower MSD, and thus we would like to follow the original work plan as much as possible.
Observation 1: According to the original work plan, it is expected that initial discussion for SRS antenna switching requirements for 4t8r and ΔRIB for FDD band n7 will be started in next meeting (RAN4#106)
2.2 n79 handling

 In the last meeting, the following agreements are captured in the approved WF [3]. The highlighted part is suggested to discuss whether n79 should be included in this WI or not. 
	From WF [3]
<Recommended WF>

For n79, interested companies are encouraged to bring their preference on whether 8Rx for n79 should be discussed in this WI in next meeting


As a background, the latest WID [3] captures n41/n77/n78 as target bands for TDD for FR1 8Rx, and does not capture n79. The intention of limiting the number of bands was that, in our understanding, the WI firstly focuses on a limited number of bands to introduce 8Rx general requirements, and other bands will be introduced with a release independent manner. Such a procedure can help control the work load. The latest WID includes Note1 describing that “the total number of example band should be limited to 3. n77/n78 are considered as one band during the study”. 3 bands mean here n77/n78, n41, and n7 given that n77/n78 are considered as one band.
	From WID [1]
Enable 8Rx for CPE/FWA/vehicle/industrial devices [RAN4]
· Example bands:

· 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

· 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.



However, during the previous RAN4 meeting, a discussion happened whether n79 should be included or not for 8Rx in this work when we were discussing ΔTRxSRS. The reason was that evaluations from companies showed that the value of ΔTRxSRS should be different depending on whether the frequency range of a band is lower than n79 or not. Note that the same principle applies to the existing ΔTRxSRS requirement in the current TS 38.101-1.
Observation 2: Based on the previous discussion, ΔTRxSRS could be different between n79 and other bands. 
	From section 6.2.4 in TS 38.101-1 [5]

The value of ∆TRxSRS is 4.5dB for bands whose FUL_high is higher than the FUL_low of n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 3 or power class 5 or power class 1.5 in the band, or when the device is capable of power class 2 in the band and ΔPPowerClass = 3 dB, or when UE indicating txDiversity-r16..  


The value of ∆TRxSRS is 7.5dB for bands whose FUL_high is higher than the FUL_low of n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79 during SRS transmission occasions with configured SRS resources consisting of one SRS port when the device is capable of power class 2 in the band and ΔPPowerClass = 0 dB and not indicating txDiversity-r16.


For other SRS transmissions ∆TRxSRS is zero;



Based on the above, we think if we try to complete general requirements for whole frequency range of FR1 bands, we need to specify ΔTRxSRS for bands whose frequency range is equal to or higher that n79. If we do so, we can introduce any FR1 bands with release independent manner in the future by specifying only band specific requirement such as Δ8Rx. Otherwise, when RAN4 try to introduce 8Rx for n79 in the future, RAN4 will needs to re-evaluate ΔTRxSRS. Given that evaluations including n79 were already provided in the previous RAN4 meetings, we think it would be more efficient to complete n79 as well in this work item.
Observation 3: To complete general 8Rx requirements for whole frequency range of FR1, ΔTRxSRS needs to be specified for n79.

Note that the final decision of revising WID is up to RAN. So, our intention of this paper is to make RAN4 common understanding on this issue. And if RAN4 can reach consensus, we think RAN4 can recommend RAN to add n79. Another aspect we need to take into account is impact on TU. But, hopefully, the impact would be smaller since, as mentioned above, evaluations including n79 were already provided in the previous RAN4 meetings.
Observation 4: Since evaluation on ΔTRxSRS for n79 were already provided from several companies, TU impact to include n79 could be smaller.
Observation 5: Final decision to revise WID to include n79 is up to RAN plenary. 


To proceed with the discussion, we provide possible options here. 
· Option 1: Both ΔTRxSRS and Δ8Rx for n79 should be specified in this WI.
· Option 2: ΔTRxSRS for n79 should be specified in this WI (n79 can be introduced with release independent manner)
· Option 3: Neither ΔTRxSRS and Δ8Rx for n79 should be specified in this WI.
Our view is that it would be better to include n79 based on the observation above mentioned:
Proposal 1: RAN4 agrees option 1 as a recommendation to RAN to add n79 as the objective of FR1 8Rx in Rel-18 RF FR1 enhancements WI.
2.3 ΔRIB for 8Rx
	From WF [3]
· For both 4Tx and 8Rx
· Reuse existing component assumptions for handheld UE unless otherwise stated;

· No differentiation of CPE/FWA;
· FFS on
· Option 1:

· Vehicular UE should have high antenna isolation characteristics similar to CPE and FWA 

· One set of requirements for CPE/FWA/vehicle/industrial devices;

· Option 2:

· Vehicular UE has same antenna isolation as handheld UE (Previous agreement)

· Two set of requirements for CPE/FWA/vehicle/industrial devices;

	From WF [3]
· Define one delta 8Rx RIB for all CBW
· Further discuss how to derive delta Rib for 8Rx in next meeting:
· Option 1: Evaluate achievable REFSENS for 8Rx for CPE/FWA/vehicle/industrial devices, and delta RIB for 8Rx should be performance gain compared to existing 2Rx REFSENS
· Option 2: Directly defining delta Rib for different bands while taking into account the implementation challenges and the diversity gain.
· Option 3: Other



For device types and how to derive ΔRIB for 8Rx, the above mentioned way forward was agreed. RAN4#104-e-bis discusses assumption of devices types and whether different sets of requirements should be specified or not among CPE/FWA/vehicle/industrial devices. This was originally discussed in 4Tx, but some companies proposed the alignment of 4Tx and 8Rx requirements was needed, and then the agreement applied to both 4Tx and 8Rx. We generally agree the alignment of assumption between 4Tx and 8Rx and we are open to discuss the differentiation of requirements, but in our view, it depends om how the requirements look like based on the outcome of the discission. If ΔRIB values for 8Rx can be different among different device types, then it may be better to have different requirements.  In addition, RAN4 also discusses how to derive ΔRIB for 8Rx. Option 1 was originally proposed by us. The intention is we would like to avoid to just reuse LTE 8Rx requirements because LTE 8Rx requirements are targeted for any types of devices including handheld UE. So, we would like to seek possible enhancement from LTE 8Rx requirements. It has a relation with device type discussion in terms of what is difference on assumption among different device types and how it has impact on the final requirements. Based on the companies’ input in the previous meeting, we can live with option 2 as long as we can take into account the characteristic of CPE/FWA/vehicle/industrial devices when deriving the requirements.
Proposal 2: Assumption on device types to derive 4Tx and 8Rx requirements should be aligned.
Observation 6: Whether different sets of requirements are specified or not for CPE/FWA/vehicle/industrial devices depends on how the requirements look like based on the outcome of the discission.
	From WF [3]
Further discuss PDCCH aggregation level for deriving the value of delta Rib for FR1 8Rx:

· Option 1: PDCCH aggregation level = 8 applies to 8Rx

· Option 2: No need to define specific PDCCH aggregation level

· Option 3: Use same assumption for 4Rx discussion (Need to check if this is same with option 2 or not)
Further discuss if PDCCH is bottleneck or not for 8Rx REFSENS.


For PDCCH aggregation level, in the previous meeting, there were views provided that further study is needed whether PDCCH aggregation level has impact on ΔRIB, and other PDCCH aggregation level should be also assumed for ΔRIB since PDCCH aggregation level =8 is not always used in real operation. In our understanding, the current RAN4 specification does not have description of PDCCH aggregation for 4Rx while RAN5 has it as a part of test condition. So, our view is to take the same principle as 4Rx. That’s is, 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 the test condition for ΔRIB for 8Rx should be further discussed in RAN5.
Proposal 3: 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.
	From WF [3]
Issue 1-2: Value of delta Rib for 8Rx

· Proposals

· Option 1: it is proposed that for n41, n7 and n77/n78, the ΔRIB,8R is -4.5 dB and only targeted for CPE/FWA/vehicle/industrial devices. (R4-2116144)(OPPO, Xiaomi, ZTE, Sony, CMCC)

· Option 1A: [-4.5dB] (MediaTek, AT&T, Ericsson)
· Option 2: Consider improving NR ΔRIB,8R from the respective LTE value if PDCCH Aggregation level=8 is specified to be used in 8RX REFSENS (R4-2216347)(Qualcomm)

· Option 3: Consider delta RIB,8R for NR CPE/FWA as -4.5dB. (R4-2216437)
· Option 4: Proposal 1: For NR CPE devices the value of ΔRIB,8R should be even lower than -4dB (higher gain with 8Rx for NR CPE devices compared with LTE). (R4-2216872)(AT&T, Ericsson, Verizon, CHTTL)
· Option 5: -4.0dB(Huawei, Apple)
· Option5A: -4.0dB if PDCCH aggregation level is not changed(Qualcomm, Verizon?)
· Other
· Not option 2. Before we agree with Option 1/3 in the end, we need to agree if we have two sets of requirements or not(Nokia)

<Recommended WF>

FFS delta Rib for 8Rx in next meeting.


For the value of ΔRIB, in the previous meeting, 8 companies support [-4.5]dB, 2 companies support -4.0dB, 1 company claim it depends on PDCCH aggregation level, and 1 company suggest firstly we need to clarify the number of sets of requirements. In our view, we would like to go with [-4.5] dB for CPE/FWA/vehicle/industrial devices as majority companies support it. But if the situation is not changed in this meeting, one alternative is thatΔRIB for 8Rx for CPE/FWA is -4.5dB and for vehicle/industrial devices is -4.0dB.
Proposal 4: Apply [-4.5]dB for ΔRIB for 8Rx for CPE/FWA/vehicle/industrial devices for n77/n78/n41.
2.4 Value of ΔTRxSRS for 8Rx
	From WF [3]
Issue 2-1-A: Value of ΔTRxSRS for 8Rx for 1T8R
<GTW agreement in 14, Oct.>

Agreement

· Agree [4.0dB] forΔTRxSRS for 8Rx for 1T8R for n77/n78/[n41] as a starting point.
Issue 2-1-B: Value of ΔTRxSRS for 8Rx for 2T8R
Issue 2-1-C: Value of ΔTRxSRS for 8Rx for 1T8R+2T8R

<Recommended WF>

Further discuss the following options for ΔTRxSRS for 8Rx for  2T8R and 1T8R+2T8R for n77/n78/n41 in next meeting:

· For 2T8R
· Option 1: 4.0 dB (Huawei, Xiaomi, Qualcomm)

· Option 2: 3.0 dB (OPPO, Nokia, ZTE, Sony))

· Option 3: Evaluate the insertion loss not necessarily in the worst-case conditions (Ericsson)

· For 1T8R+2T8R

· Option 1: 5.0 dB (Huawei, OPPO)

· Option 2: 4.0 dB (Qualcomm)

· Option 3: Evaluate the insertion loss not necessarily in the worst-case conditions (Ericsson)

· Option 4: Other (Nokia)



For ΔTRxSRS for 8Rx, in the previous meeting, RAN4 agreed that [4.0dB] for 1T8R for n77/n78/[n41], and further study for 2T8R and 1T8R+2T8R. To proceed with the discussion, we suggest to consider package of issues 2-1-B and 2-1-C, that is, agree [4.0dB] forΔTRxSRS for 8Rx for 2T8R and 1T8R+2T8R as a starting point, meaning that take a larger value for issue 2-1-B and a smaller value for issue 2-1-C. And this may simplify the spec as we can specify 4.0dB for 1T8R/2T8R/1T8R+2T8R.
Proposal 5: Agree [4.0dB] for ΔTRxSRS for 8Rx for 2T8R and 1T8R+2T8R for n77/n78/n41 as a starting point considering package of issues 2-1-B and 2-1-C.
3 Conclusion
Here we summarize our proposals: 
Proposal 1: RAN4 agrees option 1 as a recommendation to RAN to add n79 as the objective of FR1 8Rx in Rel-18 RF FR1 enhancements WI.

Proposal 2: Assumption on device types to derive 4Tx and 8Rx requirements should be aligned.

Proposal 3: 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.
Proposal 4: Apply [-4.5]dB for ΔRIB for 8Rx for CPE/FWA/vehicle/industrial devices for n77/n78/n41.
Proposal 5: Agree [4.0dB] for ΔTRxSRS for 8Rx for 2T8R and 1T8R+2T8R for n77/n78/n41 as a starting point considering package of issues 2-1-B and 2-1-C.
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