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1 Introduction
In RAN #98 meeting, a new WID for low NR band enhancement WID, including 4Rx low band (<1GHz) for handheld UE and 3Tx for inter-band UL CA and EN-DC, was approved in [1], in which for the 4Rx low band part:
[bookmark: _Hlk122105456]Enhancements for 4Rx at low frequency band (<1GHz)
· Study if feasible Specify requirements for handheld UE with 4Rx antennas including delta RIB,4R and ∆TRxSRS
· 4Rx is optional feature for handheld UE in low frequency bands
· Signalling impact will be considered if any.
· Low frequency bands considered in this WI is in table 4.1-1 with the contact information inside.
[bookmark: OLE_LINK25][bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK5]In addition, some low bands are included, which are n28/n20/n8/n5/n26/n71, to support 4Rx for handheld UE. 
In RAN#106 meeting, some agreements on the feasibility of supporting 4Rx in sub-1GHz band were achieved in the WF[3], which is:
Issue 2-1-1: Feasibility of supporting 4Rx in low bands (<1GHz)
Agreement: (agreed in Main session)
· Supporting 4Rx in low bands may be feasible at least for some handheld UE and complexity might be high or gain might be low for some other UE which is UE implementation dependent.
· Supporting 4Rx in low bands is an optional feature.
· [bookmark: OLE_LINK38]Interested companies are encouraged to provide more simulation or measurement data.
[bookmark: OLE_LINK35][bookmark: OLE_LINK94][bookmark: OLE_LINK17][bookmark: OLE_LINK16]In this contributions, we give further discussions on the 4Rx supported in the low band (<1GHz). 
2	Discussion
[bookmark: OLE_LINK28][bookmark: OLE_LINK23][bookmark: OLE_LINK66][bookmark: OLE_LINK24]In terms of the soft wordings in above agreements, it could be interpreted that sub-1GHz band is feasible to support 4Rx although it is not feasible for all handheld UE.
[bookmark: OLE_LINK34][bookmark: OLE_LINK37][bookmark: OLE_LINK43]In our understanding, the main challenges are how to guarantee the performance including antenna performance like ECC (Envelop Correlation Coefficient) when handheld UE capable of 4Rx in sub-1GHz band. We think it would depend on the implementation and design, which would cause different performance result. As stated in [4], we believe whether or not support 4Rx in low band(<1GHz) for handheld UE depend on the implementation and design. Since different companies have different implementations and design, even different test/evaluation methods, it is not strange that different performance/gain are seen from different companies. As of now, the measurements/simulations are done in [4] [5] for the band n28 based on commercial handheld UE although opposite results were seen.
[bookmark: OLE_LINK44]Nevertheless, more tests/evaluations on performance/capability might be needed, and we think the simulation or measurement should be based on the commercial handheld UE since it can well include the RF circuit/antenna design etc.
[bookmark: OLE_LINK39][bookmark: OLE_LINK20][bookmark: OLE_LINK29]Observation 1. Whether or not support 4Rx in low band(<1GHz) for handheld UE depend on the implementation and design. The simulations or measurements (if any) should be based on the commercial handheld UE.
[bookmark: OLE_LINK40][bookmark: OLE_LINK30][bookmark: OLE_LINK33][bookmark: OLE_LINK31][bookmark: OLE_LINK32]In addition, the agreement above didn’t mention which band can or cannot support 4Rx in low band, which means it could be interpreted that all of the requested sub-1GHz band in the WID share the same agreements. If not, the work would become very tricky since company must bring evident based on measurements/simulations for their interesting low bands case by case to verify which band is not feasible and which band is feasible. So far, our understanding is that the most of the requested bands are from the operator’s initial demands, and usually such demands are ahead of commercialization. We think the measurements/simulations on the band case by case is unrealistic at this stage since there are no commercial handheld UE supporting 4Rx in low bands (except band n28) in the field.
Observation 2. It could interpreted that all of the low band in the WID share the same agreements, which means the feasibility on the low bands support 4Rx in handheld UE should be treated as a package.  
[bookmark: OLE_LINK6][bookmark: OLE_LINK4][bookmark: OLE_LINK7]For ΔRIB,4R, it was agree to considering LTE 4Rx requirement as starting point. In table 7.3.1-1a in TS36.101, we can find that ΔRIB,4R requirement have already been defined for one sub-1GHz band, i.e. band 20, and it shall be noted that there are no any restrictions of FWA form factor for this band. Without the form factor restrictions, it could be interpreted that the handheld UE could support 4Rx antennas in LTE band 20. Considering band n20 is one of the candidate sub-1GHz in the WID to support 4Rx antennas for handheld UE, also theΔRIB,4R values itself are the compromise values, and the values of the corresponding LTE refarming band are directly re-used for the NR band during the discussion in Rel-15. So we think -2.7dB could be re-used for NR sub-1GHz bands to support 4Rx antennas.
[bookmark: OLE_LINK11][bookmark: OLE_LINK8][bookmark: OLE_LINK1]Proposal 1: -2.7dB could be reused for NR sub-1GHz bands supporting 4Rx antennas for handheld UE(i.e. ΔRIB,4R requirement).
[bookmark: OLE_LINK9][bookmark: OLE_LINK47]For ΔTRxSRS, it is mainly for TDD band because the uplink and downlink are same (i.e. channel reciprocity) in TDD, and in this way gNB can figure out appropriate MIMO/Precoding for downlink via uplink SRS information, also the channel estimation result for uplink based on SRS can be utilized for optimizing downlink process.
[bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK45][bookmark: OLE_LINK46]In terms of the definition below, there is no explicitly information to say the ΔTRxSRS is only for TDD band, although our understanding is that it is mainly for TDD band, it may cause ambiguity that whether it can also apply to FDD. However, 3dB ΔTRxSRS is defined for the PC3 bands lower than n79, which means no matter whether it applies to FDD band or not, 3dB ΔTRxSRS is applicable since several FDD band optional supports 4Rx. Thus, we think no need to define ΔTRxSRS.
[image: ]
[bookmark: OLE_LINK49][bookmark: OLE_LINK27][bookmark: OLE_LINK48]Proposal 2: There is no need to defineΔTRxSRS  for FDD low band supporting 4Rx.
[bookmark: OLE_LINK14][bookmark: OLE_LINK36][bookmark: OLE_LINK18][bookmark: OLE_LINK19]For the specific signalling to distinguish the different UE type, frankly speaking, although signalling to distinguish different UE types can help NW scheduling, it is a bit too late to discuss the signalling related to UE types because several different UE types have already been defined in current spec without such specific signnaling introduced for many years , especially in TS38.101-2. Also, even there was not clear definitions for some UE types in the spec. 
[bookmark: OLE_LINK22][bookmark: OLE_LINK21]Without the new signalling, different UE types has different RF requirements, which means it could distinguish the different UE type via different RF requirements defined in the spec.
[bookmark: OLE_LINK26]Observation 3. different UE type could be distinguished by different RF requirements defined in the spec.
Proposal 3: No new specific signalling to distinguish the different UE types is needed.
3 Conclusion
In this contribution, we give some further discussions on the 4Rx antennas are supported in the low band (<1GHz) for handheld UE. The conclusions are:
Observation 1. Whether or not support 4Rx in low band(<1GHz) for handheld UE depend on the implementation and design. The simulations or measurements should be based on the commercial handheld UE.
Observation 2. It could interpreted that all of the low band in the WID share the same agreements, which means the feasibility on the low bands support 4Rx in handheld UE should be treated as a package. 
Proposal 1: -2.7dB could be reused for NR low bands supporting 4Rx antennas for handheld UE(i.e. ΔRIB,4R requirement).
Proposal 2: There is no need to defineΔTRxSRS for FDD low band supporting 4Rx
Observation 3. different UE type could be distinguished by different RF requirements defined in the spec.
Proposal 3: No new specific signalling to distinguish the different UE types is needed.
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