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1 Introduction

In RAN4 February meeting #82, the way forward on framework of E-UTRA BHH TRP/TRS requirements were discussed. The following agreements have been achieved [1]:
· How to consider multi-band support in UE has to be considered in finalization of E-UTRA handset TRP/TRS requirements.
· RAN4 to study at RAN4#82bis meeting which option among the ones identified in previous slide is selected for addressing the multi-band support in UE:
· Selected option shall be clearly defined in term of steps to be performed, thresholds to be used, etc.
· No open issues should remain for selected option.
· New methodologies are not precluded for addressing the multi-band support of UE.
· Selected option shall allow to exploit all data already available in RAN4. Bringing additional data is not excluded.
· Companies are encouraged to contribute on which option should be selected and on solving related open issues. Contributions from international organization (e.g. CTIA) are also welcome.
The options mentioned in the agreements are:
1. To improve current framework considering proposal of joint pass/fail criteria (ref. R4-1700442 [2] and R4-1700564 [3]).
2. To derive an alternative approach.
3. To keep the current framework as it is, i.e. no updates.
This contribution aims to analyze the major possible frameworks, and tries to propose the possible appropriate framework. 
2 Discussion
OTA topic is almost one “forever” topic in RAN4. For example, UTRA has spent more than 3 years to harmonize. In past discussions, companies are trying to use a single parameter TRP and TIS to reflect the whole over-the-air technical effect on UE’s transmission and reception. But UE’s transmission and reception are affected by too many factors, e.g. number of supported bands, high band or low band, CA or non-CA, MIMO, supported regions, size of UE, etc. Such complexity has led to several framework thoughts in the past years and meetings, which is discussed on the following:
· Option A: “One fixed requirement for each band” 

This framework specifies one normative minimal requirement for each band, which is now used for current certifications. From device design and go-to-market perspective, UE vendors would expect that such criteria should meet the requirements for all markets and all primary/roaming bands, etc. As this framework won’t distinguish such factors like number of supported bands, regions or operators, etc., the only way to make the criteria acceptable for UE vendors is to make it suitably lower for roaming bands and for UE with more bands, etc. But operators would prefer suitably higher requirements for its operating bands. That is the main reason that companies are hard to achieve agreements within this framework. 
Observation 1: The framework to specify one fixed requirement for each band, disregarding factors that will impact the UE antenna design, e.g. number of bands, CA or non-CA, MIMO, etc., will not achieve effective harmonization in TRP/TRS discussion. 
· Option B: “Core band and roaming band” 

Defining two normative TRP/TRS requirements for each operating band, i.e. core requirement and roaming requirement, is another approach [4]. The approach is trying to reflect that UE vendors will anyway optimize some primary bands for certain markets. Further analysis [5] on core and roaming approach figures out that a certain offset between core band requirement and roaming requirement will provide reasonable fail rate. 
This core and roaming band framework also has its “problem”, as it is difficult for UE vendors to distinctly claim which are exactly core bands on certification. It is also noted that in the RAN4 test results data pool, most data have no information about core bands and roaming bands. Moreover, UE vendor are assumed to voluntarily claim the core bands, implying that UE vendors can anyway claim all bands are roaming bands for better fail rate. Thus, the key part of the standard is still one limit, i.e. roaming band limits. 
But anyway, the mind of offsetting-by-factors in [5] will be one possible idea when we consider other impacts. 

Observation 2: The core band and roaming band framework has problem on claiming core bands on certification, and only standardization of roaming bands is meaningful in specification. 
Observation 3: The mind of offsetting-by-factors will be one possible way when we consider other impacts.
· Option C: “Joint band passing rate” 

Another approach is proposed in [3] to include a joint band passing rate, such that a passing rate of all devices is calculated for a set of bands S, and all limits are therefore “set specific”. This framework focuses on all factors that introduced by bands, e.g. number of bands and such band combination issues like high band + middle band + low band. The approach will reflect very accurate “shaping” of UE design on bands and therefore reflect all facts on testing. 
Observation 4: The joint band passing rate framework may have a chance to use a single framework to take all factors into account.
However, it might be hard to obtain enough test data when specifying requirements, because if any set difference between UE1 with band set S1 (e.g. 31 bands supported) and UE2 with band set S2 (e.g. 32 bands supported), then UE1 and UE2’s test data should be separately considered. This will make all test data very fragmental. Moreover, it is also hard to set optimal limits for all bands in set S. For example, if we want to tune a higher fail rate for a certain set S, how to pick up a certain band(s), and how much dB should be tightened? Every operator may want to tighten its own operating bands, and no one wants to be relevant relaxed in OTA requirements. 
Observation 5: The joint band passing rate framework may make all test data fragmental and therefore makes test data not enough to specify an accurate limit. Moreover, it is also hard to harmonize when choosing limits for all bands in band set S. 
· Option D: “One requirement for each band with offset by factors” 

As mentioned by the above and [2], the terminal’s design is affected by many factors, e.g. CA or non-CA, frequency band coverage range (e.g. high band +middle band + low band combinations in CA), number of supporting bands, the support of 4x4 MIMO, etc. Those factors can be considered according to offset from the original band limit (as observed by Observation 3), because technically those influence can be quantized within a relevant fixed range, e.g. CA and non-CA has around 1dB+ΔTIB/ΔRIB difference. This framework is extensible as more factors can be further considered by appending more offsets, and also may make E-UTRA original limit discussion much easier.
Observation 6: One requirement for each band with offset by factors can be one feasible, extensible and efficient way to consider the fact of UE design, and may also make E-UTRA original limit discussion much easier.
And as analyzed above, specifying multiple limits in Option B may have difficulty when specification and harmonization. 
Option C is promising in the sense that all factors can be considered in a single framework. However, as pointed in observation 5, the standardization and harmonization difficulty makes it challenging on specifying the requirement. 

Then we see Option D is a practical solution to balance the specification target and standardization difficulty. It is worthy to point it out that Option C and Option D can be complementary to each other. For example, a reasonable band(combination) set S can be firstly set for Option C to obtain a initial limit, when more bands/band combinations/ 4x4 MIMO are to be included, corresponding offsets can be applied for the initial limit to simplify the specification procedure.

With all the above considerations, we suggest RAN4 to consider two potential options.
Proposal: Two Options can be framework candidates for LTE UE TRP/TRS:

· Option D, i.e. one requirement for each band with offset by factors, as the framework applied by RAN4. Those factors leading to offset at least include:
· CA or non-CA, i.e. ΔCA: offset is FFS, but at least need to consider ΔTIB/ΔRIB
· Frequency band coverage range, i.e. ΔFre.Rg: offset is FFS, but at least need to consider high band +middle band+ low band cases (high/mid/low band refers to [6])
· Number of supporting bands, i.e. ΔBandNum: offset is FFS, should consider different offset for different range of supporting bands. 

·  4x4 MIMO, i.e. ΔMIMO: offset is FFS.
· Or Option C is as the framework with reasonable band (combination) set S to obtain an initial limit, and partial offsets corresponding to the factors mentioned in Option D, e.g. ΔCA andΔMIMO are applied to the initial limit.  
3 Conclusion

In this contribution, we analyze the major possible frameworks in the past meetings, and have observations below:

Observation 1: The framework to specify one fixed requirement for each band, disregarding factors that will impact the UE antenna design, e.g. number of bands, CA or non-CA, MIMO, etc., will not achieve effective harmonization in TRP/TRS discussion.
Observation 2: The core band and roaming band framework has problem on claiming core bands on certification, and only standardization of roaming bands is meaningful in specification. 

Observation 3: The mind of offsetting-by-factors will be one possible way when we consider other impacts. 
Observation 4: The joint band passing rate framework may have a chance to use a single framework to take all factors into account.
Observation 5: The joint band passing rate framework may make all test data fragmental and therefore makes test data not enough to specify an accurate limit. Moreover, it is also hard to harmonize when choosing limits for all bands in band set S.
Observation 6: One requirement for each band with offset by factors can be one feasible, extensible and efficient way to consider the fact of UE design, and may also make E-UTRA original limit discussion much easier.
And according to those observations, we further propose:
Proposal: Two Options can be framework candidates for LTE UE TRP/TRS:

· Option D, i.e. one requirement for each band with offset by factors, as the framework applied by RAN4. Those factors leading to offset at least include:

· CA or non-CA, i.e. ΔCA: offset is FFS, but at least need to consider ΔTIB/ΔRIB
· Frequency band coverage range, i.e. ΔFre.Rg: offset is FFS, but at least need to consider high band +middle band+ low band cases (high/mid/low band refers to [6])

· Number of supporting bands, i.e. ΔBandNum: offset is FFS, should consider different offset for different range of supporting bands. 

·  4x4 MIMO, i.e. ΔMIMO: offset is FFS.
· Or Option C is as the framework with reasonable band (combination) set S to obtain an initial limit, and partial offsets corresponding to the factors mentioned in Option D, e.g. ΔCA andΔMIMO are applied to the initial limit.
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