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1
Introduction
In RAN4 #51-bis, one contribution raised issues on E-UTRA UE category enhancements, although it was not treated due to lack of time [1]. The proposals in [1] were summarized below:

· In REL9 a new UE category (Category 6) would be introduced between the existing Categories 1 and 2 in TS36.306 with DL and UL peak data rates of 20 Mbps and 10 Mbps for 20 MHz RF BW respectively.

· RAN4 develops additional UE requirements based on 1Rx assumptions at least for lower frequency bands where the real radiated gains from Rx diversity are limited in case of small handheld devices.
This contribution discusses the issues raised by [1], and proposes the way forward in RAN2 and RAN4. In this contribution, the relevant part for RAN4 is section 2.2. Section 2.1 is more for RAN2 to discuss. The same contribution is also submitted to RAN2 [7].
2
Discussions

2.1
Necessity of New UE category 
In the past discussions for LTE UE categories, it was strongly proposed by operators that we should avoid market fragmentation by introducing too many UE categories. The rationales for this are listed as follows:
· Network needs to support for a wide range of different UE categories, increasing testing efforts for eNB.

· Terminal test effort would also increase if one terminal would support several UE categories.

· Market would be confused as experienced in HSDPA, in which there were many, many UE categories and most of them were not used in actual network.

That is why RAN2 defined only 5 UE categories in LTE. Therefore, although there would be a large gap between Category 1 and Category 2 from a data rate point of view and it seems that one additional UE category might be needed in the gap as discussed in [1], we don’t feel that it would be wise to increase the number of UE categories in LTE. If it is felt that such gap between Category 1 and Category 2 would be a big problem to support a wide variety of applications, it is proposed to modify either Category 1 or Category 2 instead.
Proposal 1: The number of UE categories should be minimized. If new UE category might be needed to remove the gap between Category 1 and Category 2, either Category 1 or Category 2 should be modified.
2.2
Single-antenna receiver capability for Lower frequency bands

In RAN4 #42-bis - #44, it was intensively discussed whether dual-antenna receiver should be mandatory in LTE UE or not. A lot of simulation results on some aspects, such as common channel coverage and cell capacity were provided by some companies [2-6], and it was concluded that performance gain due to dual-antenna receiver would be significant and dual-antenna receiver capability should be mandatory in LTE UE. It is noted that such conclusions are captured in Section 8.1.1 of TR 36.803, as follows:
· The requirements are based on UE(s) which utilize dual-antenna receiver. It means that dual-antenna receiver should be mandatory from a baseband point of view.

· Dual-antenna receiver would provide lower performance gain at lower frequency (e.g. lower than 1 GHz) than at higher frequency, due to the increase in antenna correlation and gain imbalance at lower frequency. This need to be accounted in terms of performance requirements.
It should be noted here that it was common consensus in RAN4 that some relaxation might be needed for lower than 1 GHz, although dual-antenna receiver should basically be mandatory. Actually, it is definitely true that performance gain due to dual-antenna receiver would be important from a network operator point of view, but good form factor and reasonable cost would also be very important, and reasonable trade-off point between such two aspects should be considered especially for frequencies lower than 1 GHz in which large wave length would have negative impacts for both performance gain and form factors/costs.
Based on the above background, it would be nice to discuss again in RAN4 how such relaxation should be allowed for lower than 1 GHz now that LTE specifications are stable and more accurate evaluation for common channel coverage, PDCCH coverage, cell capacity, and so on would be available. This will allows us to more accurately find good compromise point between performance gain and form factors/costs.
Proposal 2: RAN4 should re-evaluate whether some relaxation should be allowed for frequencies lower than 1 GHz from a dual-antenna receiver capability point of view.

It is noted that work load for the remaining Release 8 issues, such as CQI/RI performance requirements and RRM tests cases (Phase III), is still high, and that there are a lot of performance requirements to be re-evaluated for single-antenna receiver as follows:

· TS 36.101, 7 Receiver characteristics (RX RF)

· TS 36.101, 8 Performance requirements (Demodulation performance) 

· TS 36.101, 9 Reporting of Channel State Information (Reporting Accuracy of CQI/RI)

· TS 36.133, Requirements for support of radio resource management (RRM)

It implies that this work should be conducted in Release 9 time frame. 
Therefore, the following way forwards are proposed to tackle the issues:
· RAN4 first agree on simulation assumptions and evaluation metrics to investigate system impacts due to single antenna receiver, compared to dual-antenna receiver.
· Assumptions on antenna correlation and antenna gain imbalance should be agreed, because it would strongly affect system performance.

· PDCCH coverage, P-BCH/PCH/SIB1/SI-n coverage and radio link monitoring should be investigated, because it would be key metric from a system performance point of view.
· Cell capacity would also be evaluated.

· RRM performance (Cell search, Measurement, Radio link monitoring, and so on)

· RX RF performance

· Interested companies provide simulation results based on the above simulation assumptions.
· Some analysis on form factor and cost should also be provided by UE vendors.
· Then, if it is observed that system performance with single antenna receiver would be acceptable and benefits of single antenna receiver on form factor/cost would be significant, RAN4 should conclude that single antenna receiver would be defined for frequencies lower than 1 GHz.
It is strongly noted that we should never change the agreements for higher than 1 GHz, i.e. dual-antenna receiver should be mandatory for higher than 1 GHz, because dual-antenna receiver would be essential for both system capacity and peak throughput in LTE, ensuring the competiveness of LTE technology.
3
Conclusions
This contribution discussed issues on E-UTRA UE category enhancements raised by R4-092513 [1]. Our proposals are summarized below:
Proposal 1: The number of UE categories should be minimized. If new UE category might be needed to remove the gap between Category 1 and Category 2, either Category 1 or Category 2 should be modified.
Proposal 2: RAN4 should evaluate whether dual-antenna receiver capability should be relaxed for frequencies lower than 1 GHz.
Proposal 3: Proposed way forwards are listed below. The work should be done in Release 9 time frame:

· RAN4 first agree on simulation assumptions and evaluation metrics to investigate system impacts due to single antenna receiver, compared to dual-antenna receiver.
· Interested companies provide simulation results based on the above simulation assumptions.
· Some analysis on form factor and cost should also be provided by UE vendors.
· Then, if it is observed that system performance with single antenna receiver would be acceptable and benefits of single antenna receiver on form factor/cost would be significant, RAN4 should conclude that single antenna receiver would be defined for frequencies lower than 1 GHz.
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