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1
Background
In 3GPP RAN#96 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 defined 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#104bis-e meeting, a Way Forward [2] has been approved where the open issues are categorized in ΔRIB8R requirement, ΔTRxSRS requirement and “Other topics” clauses.
In the following, we will provide our view for each open issue from the Way Forward.
2
Discussion
2.1
REFSENS requirement for 8Rx
In the following, each issue from the WF [2] related to REFSENS requirement for 8Rx topic is going to be discussed. 
2.1.1   Issue 1-1-A: Set of delta Rib for 8Rx for CPE/FWA/vehicle/industrial devices

<GTW agreement in 14, Oct.>

Agreement:
· 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;

In general, having two sets of requirements for any parameter, implemented by UE capability reporting, should always be justified by a sufficient system-level gain (by network being able to use the information about the reported capability) having in mind the introduced complexity (e.g. additional control signalling). 

One example where the system-level gain is very limited with the introduction of an additional set of requirements is with modifiedMPR-Behaviour. There, for Rel-17 and later FWA devices with PC1.5 an additional set of MPR values is introduced which differ by at most 1 dB to the values defined for the case of not reported capability. Given high test tolerances (around 3 dB) and Pcmax tolerances when the maximum output power is tested, such a 1dB difference in the allowed MPR brings a very limited benefit.

In the case of REFSENS requirement, the first question is whether the network can benefit from the knowledge on different minimum REFSENS requirement supported by the UE (especially if it is small) given that the actual REFSENS performance can differ considerably to the minimum requirement, see e.g. [3]. Moreover, we do not expect that the difference between antenna isolation characteristics of vehicular devices and CPE/FWA/industrial devices would have a critical impact on REFSENS requirement anyway, which is a conductive requirement. The antenna coupling with cables attached to the antenna connectors (with antennas disabled) is not the same as for an OTA test.
Observation 1: We do not expect that the difference between antenna isolation characteristics of vehicular devices and CPE/FWA/industrial devices would have a critical impact on REFSENS, which is a conductive requirement.
Proposal 1: Use one set of requirements for CPE/FWA/vehicle/industrial devices.

In the case that the companies cannot reach an agreement on using one set of requirements for CPE/FWA/vehicle/industrial devices and the impact of different antenna isolation characteristics is limited, an alternative would be to introduce different types of requirements which would be only declared in the conformance tests, and not reported by the UE as a capability, e.g. Type 1 (for CPE/FWA/industrial devices) and Type 2 (for vehicle devices) requirements.

Proposal 2: If it is concluded as useful, Type 1 (for CPE/FWA/industrial devices) and Type 2 (for vehicle devices) requirements can be introduced where the type would only be declared in the conformance tests, and not reported by the UE as a capability.
2.1.2   Issue 1-1-B: How to derive delta Rib for 8Rx

<Recommended WF>

· 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
In LTE, ΔRIB,8R requirement of -4dB is specified for bands 41, 42 and 43 [4] under Rel-15 WI LTE_8Rx_AP in the approved discussion paper R4-1801856 [5]. Just as in the case when ΔRIB,4R was specified for 4Rx, the delta RIB was directly defined while taking into account the diversity gain and the implementation challenges due to complexities of front-end design for 8Rx case (due to PCB layout, FEM placement etc.). 

In this WI, we can use the same method where it should be further discussed whether the same assumption for the receiver noise factor for the derivation of the minimum requirements is used compared with 2Rx and 4Rx cases. If the noise factor is higher in the case of 8Rx, there may be a risk that the operating SNR can become too low for the demodulation of the PDCCH during the test, which should be avoided. On the other hand, in practice the actual noise floor of the ports are in general much lower than that implied by the REFSENS requirement for most bands. 

Proposal 3: Directly define delta RIB for different bands while taking into account the implementation challenges and the diversity gain.
Proposal 4: The conformance test for the minimum REFSENS requirement should be feasible in the sense that all the control channels during the test should be received with the certain reliability.
2.1.3   Issue 1-1-C: PDCCH aggregation

<Recommended WF>

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.
As discussed in the previous sub-clause, the reliable decoding of PDCCH is of very high importance for 8Rx performance. If the minimum REFSENS requirement is very tight and the noise factor of the 8Rx receiver is higher than the noise factor of the 2Rx receiver, the input SNR level may decrease accordingly and enter the prohibited range where the PDCCH demodulation is not reliable. If the noise factor remains the same the focus should be on specifying the improvement in delta RIB for 8Rx with PDCCH AL = 4 (having in mind the reliable PDCCH demodulation). 

Proposal 5: 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).

2.1.4   Issue 1-2: Value of delta Rib for 8Rx

<Recommended WF>

FFS delta Rib for 8Rx in next meeting.
In LTE, compared with ΔRIB,4R requirement for the same bands, the improvement in reference sensitivity for 8Rx (and PDCCH AL =4) is by 1.3dB for band 41 (ΔRIB,4R = -2.7dB) and by 1.8dB for bands 42 and 43 (ΔRIB,4R = -2.2dB). Such a “modest” improvement of 1.8dB in the best case was influenced by the considered types of devices, which included the handheld ones. For handheld devices, it was argued that the diversity gain could not reach 3dB (compared with ΔRIB,4R) due to 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 (it is well known the importance of placement of the LNA due to its impact on the noise figure).
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 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).
As in 4Rx case, we prefer to have a band-dependent ΔRIB,8R requirement. Given that potential increase of the noise factor for 8Rx does not harm the PDCCH performance for AL = 4, we propose to reduce by 2dB the already existing ΔRIB,4R requirements:

Proposal 6: Adopt ΔRIB,8R = -4.7dB for bands n7 and n41, and ΔRIB,8R = -4.2dB for bands n77 and n78. If one value is preferred, adopt ΔRIB,8R = -4.5dB for all bands.
2.2
ΔTRxSRS requirement for 8Rx

2.2.1   Issue 2-1-B: Value of ΔTRxSRS for 8Rx for 2T8R and 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 n79, interested companies are encouraged to bring their preference on whether 8Rx for n79 should be discussed in this WI in next meeting.
ΔTRxSRS is measured at the antenna connectors and thus does not include the impact of differences in the antenna gains between connectors, where in a typical implementation, antenna elements on diversity paths have a poorer quality compared with the antenna elements on the main path. Large potential ΔTRxSRS differences between transmission and reception ports will be exacerbated by different antenna element gains as the gNB measures the resulting radiated SRS power per SRS port(s). Even though the differences between antenna elements for CPE/FWA devices may be smaller, it is nevertheless important to reduce the margins for ΔTRxSRS for adequate reciprocal CSI-RS estimation in order not to degrade DL-MIMO performance, e.g. possibility to have more than 4 layers. 

Observation 2: We underline the importance of not having too large allowed ΔTRxSRS to allow the smallest possible difference between T and R antenna strength (having in mind the different antenna gains between the antenna elements) as measured by the gNB for adequate reciprocal CSI-RS estimation performance.

The typical implementation architecture for ‘t2r8’ SRS-TxSwitch capability (where no fallback to 1 PA is needed to be supported) corresponds to having two ‘t1r4’ architectures in parallel (e.g. see Figure 2 in [6]). Thus, there is no need to increase ΔTRxSRS in this particular case, 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 n78/79 is equal to 3dB, we propose the following:

Proposal 6: For 2T8R case adopt ΔTRxSRS = 3dB for bands n77/n78/n41. 
As for the typical ‘t1r8-t2r8’ architecture at least one additional RF switching module is added compared with ‘t1r4’ case and having in mind the arguments stated above, we propose to add 1dB to ΔTRxSRS requirement for n78/n79/n41:

Proposal 7: For 1T8R+2T8R case adopt ΔTRxSRS = 4dB for bands n77/n78/n41. 

2.2.2   Issue 2-2: Indication of ΔTRxSRS values to network

<Recommended WF>
Further discuss whether indication of ΔTRxSRS values from UE to network is introduced or not: 

Option 1: Yes (introduce)

Option 2: No

Further discuss how NW to utilize this reporting.

Since ΔTRxSRS requirement is dimensioned for the worst-case positioned antennas, the idea to allow other antennas to have tighter ΔTRxSRS seems interesting at the first glance. However, since ΔTRxSRS is a minimum requirement there is still an uncertainty on what is the exact value of ΔTRxSRS used for the given connector. Having also in mind the differences in quality between antenna elements and that the gNB does not know the mapping between the antenna connectors and the antenna elements, the gNB would have a very limited benefit from having the information on ΔTRxSRS for each antenna connector reported by the UE. 

Proposal 8: Do not introduce indication of ΔTRxSRS values from UE to the network. 

2.2.3   Issue 2-3-B: power relaxation for the main branch

<Recommended WF>
Further discuss whether non-zero transmission power relaxation for the main branch shall be applied for the 8Rx UE that capable of SRS antenna switch:

· Option 1: Yes (non-zero)

· Option 2: No
All of the cases ‘t1r8’, ‘t2r8’ and ‘t1r8-t2r8’ could be implemented in a way that the main branch does not have higher insertion losses compared with 4Rx cases, see [6] as an example. Even if 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 a non-zero relaxation power for the main branch.

Proposal 9: Do not introduce non-zero transmission power relaxation for the main branch for the 8Rx UE capable of SRS antenna switch. 

2.3
Other topics
2.3.1   Issue 3-1: Δppowerclass for PCMAX_H,f,c

<Recommended WF>
Further discuss whether to remove ΔPPowerClass applied for PCMAX_H,f,c  for PC2 capable UE with txDiversity-r16 and xT8R capabilities:

· Option 1: Yes (Remove)

· Option 2: No
Further discuss handling of xT2R and xT4R.
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 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 10: Do not remove ΔPPowerClass applied for PCMAX_H,f,c  for PC2 capable UE with txDiversity-r16 and xT8R capabilities. 

2.3.2   Issue 3-2: 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

<Recommended WF>
Further discuss 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
· Option 1: Remove
· Option 2: Do not remove
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 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 11: 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. 

3
Conclusion

In this contribution, we have shared our view on every open issue from the Way Forward from the previous meeting and we have made the following observations and proposals:
Observation 1: We do not expect that the difference between antenna isolation characteristics of vehicular devices and CPE/FWA/industrial devices would have a critical impact on REFSENS, which is a conductive requirement.
Observation 2: We underline the importance of not having too large allowed ΔTRxSRS to allow the smallest possible difference between T and R antenna strength (having in mind the different antenna gains between the antenna elements) as measured by the gNB for adequate reciprocal CSI-RS estimation performance.

Proposal 1: Use one set of requirements for CPE/FWA/vehicle/industrial devices.
Proposal 2: If it is concluded as useful, Type 1 (for CPE/FWA/industrial devices) and Type 2 (for vehicle devices) requirements can be introduced where the type would only be declared in the conformance tests, and not reported by the UE as a capability.
Proposal 3: Directly define delta RIB for different bands while taking into account the implementation challenges and the diversity gain.
Proposal 4: The conformance test for the minimum REFSENS requirement should be feasible in the sense that all the control channels during the test should be received with the certain reliability.
Proposal 5: 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).

Proposal 6: For 2T8R case adopt ΔTRxSRS = 3dB for bands n77/n78/n41. 
Proposal 7: For 1T8R+2T8R case adopt ΔTRxSRS = 4dB for bands n77/n78/n41. 

Proposal 8: Do not introduce indication of ΔTRxSRS values from UE to the network. 

Proposal 9: Do not introduce non-zero transmission power relaxation for the main branch for the 8Rx UE capable of SRS antenna switch. 

Proposal 10: Do not remove ΔPPowerClass applied for PCMAX_H,f,c  for PC2 capable UE with txDiversity-r16 and xT8R capabilities. 

Proposal 11: 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. 
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