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1
Introduction
This contribution present same analysis submitted in RAN4#82bis in [2], and exploits it in order to define parameters for framework applicability in case of multi-band support on the basis of approved way-forward [1] reported below, in particular for the highlighted bullets:

· Baseline LTE BHH TRP/TRS values are defined on a per-band basis exploiting available data in RAN4 and considering a baseline applicability condition on inter-band CA support (yes/no) and supporting up to a maximum number of bands (*) NBmax. Applicability condition will be reflected in a note in the table.
· Baseline LTE BHH TRP/TRS values above are evaluated considering following elements:
· Results of joint-band pass/fail rate in UE (ref. R4-1702929), based on available data in RAN4.
· Impacts on coverage of network.
· Baseline LTE BHH TRP/TRS requirements are defined fine-tuning baseline LTE BHH TRP/TRS values in order to reflect above evaluations. Further evaluations are possible.
· In order to cover applicability conditions different than baseline one, offsets to baseline LTE BHH TRP/TRS requirements are defined, as described in next slide.
· Offsets to baseline LTE BHH TRP/TRS requirements are defined in order to take into account following technical elements:
· Inter-band Carrier Aggregation support: factors ΔCA,T for TRP and ΔCA,R for TRS are defined; how to define such factors is FFS; one example is provided in R4-1704012.
· Multi-band support: factors ΔMB,T for TRP and ΔMB,R for TRS are defined in order to take into account performance degradation with increasing number of supported bands in UE, higher than NBmax; such factors are band-dependent and whether these offsets apply depend on the number of supported bands and related band range in UE.
· Offsets above are used to relax baseline LTE BHH TRP/TRS requirements in order to derive actual BHH TRP/TRS limits for corresponding applicability condition(s). Offsets are summed together. Definition of offset includes evaluations as in slide 3.
· Rules for applying offsets to baseline LTE BHH TRP/TRS requirements will be described in the spec.
· Further offsets might be added in future, in order to reflect further technical elements that are showed to degrade TRP/TRS performance.
(*) Number of supported bands includes both GSM, CDMA, UMTS and LTE bands regardless of duplicated cases.
2
Analysis and discussion
In this section the issue of multi-band support within a UE is analysed, in order to define parameters for framework.

2.1 TRP/TRS performance vs number of supported bands in UE
In order to verify whether a UE supporting multi-band can guarantee or not same level of performance when the number of supported bands increases, we considered a set of TRP/TRS measurements of 34 handhelds, made available since beginning of 2016 up to present days. For each UE, we measured TRP/TRS on bands 3, 7 and 20 in free space conditions. 
In addition, for each UE, we derived the number of supported bands, considering both LTE, UMTS and GSM bands, and we grouped them in “low bands” if < 1GHz, and “high bands” if > 1 GHz. It is worth to note that, in order to simplify the analysis, bands of different RATs have been considered as independent, i.e. for example band 3 LTE and band 1800 GSM are considered as two separate bands, and then summed up together.
Then, we analysed the TRP and TRS performance vs the number of bands (low, high, total) for each of the three available bands (3, 7, 20), aiming to find a trend line indication, as depicted in following figures.
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Figure 1: LTE TRP vs Number of “high bands” in UE for bands 3 and 7
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Figure 2: LTE TRP vs Number of “low bands” in UE for band 20
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Figure 3: LTE TRP vs Total number of bands (“high”+”low”) in UE for bands 3, 7, 20
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Figure 4: LTE TRS vs Number of “high bands” in UE for bands 3 and 7
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Figure 5: LTE TRS vs Number of “low bands” in UE for band 20
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Figure 6: LTE TRS vs Total number of bands (“high”+”low”) in UE for bands 3, 7, 20
2.2 Observations
Looking at analysis reported in figures above, following considerations have been derived:

· Band 3 TRP: the number of “high” bands and “low” bands supported by the UE is not affecting the performance, indeed the trend line is flat. This is reasonable, since band 3 is one of the most important LTE bands, available in many countries around the world, and thus it should be well optimized in most of UEs.
· Band 7 TRP: in this case increasing the number “high” bands and “low” bands supported by the UE is positively slightly affecting the performance. Since many UE implementations consider a separate feed for band 7, especially high-end phones (and thus UEs with many supported bands), this sound reasonable. The trend line shows a span of about 0.5 dB of improvement.
· Band 20 TRP: in this case increasing the number “high” bands and “low” bands supported by the UE is negatively affecting the performance, as it could be expected. The trend line shows a span of about 0.7 dB of degradation.
· Band 3 TRS: the number of “high” bands and “low” bands supported by the UE is slightly negatively affecting the performance. This is the band with lower impact on the performance due to increased number of bands. As already mentioned, this is reasonable, since band 3 is one of the most important LTE bands, available in many countries around the world. The trend line shows a span of about 0.5 dB of degradation.

· Band 7 TRS: in this case increasing the number “high” bands and “low” bands supported by the UE is negatively affecting the performance. The trend line shows a span of about 1 dB of degradation.

· Band 20 TRS: in this case increasing the number “high” bands and “low” bands supported by the UE is negatively affecting the performance. The trend line shows a span of about 0.5 dB of degradation.

Summarizing, a part band 3 and band 7 TRP other cases present a performance degradation when increasing the number of bands. These conclusions are valid in any case: considering only number of “high” bands for performance of band 3 and 7 (i.e. high bands), only number of “low” bands for performance of band 20, or total number of bands (i.e. “high”+”low”) for performance of all the bands.
2.3 Parameters for framework
Reflecting the analysis above and considering the approved way-forward in [1], following points are considered:
1) For each band the TRP and TRS requirements are defined according to available measurements related to such band up to a maximum number of bands NBmax. 
2) Factors ΔMB,T for TRP and ΔMB,R for TRS are defined in order to take into account performance degradation with increasing number of supported bands in UE, higher than NBmax; such factors are band-dependent and whether these offsets apply depend on the number of supported bands and related band range in UE.
Table 1 and Table 2 below present values of ΔMB,T and ΔMB,R  to be used for bands 3, 7 and 20 on the basis of the measurements analysed in previous section. According to analysed measurements NBmax value is set to 12 bands.
Table 1: ΔMB,T compensation values for bands 3, 7 and 20
	
	ΔMB,T [dB]

	E-UTRA Band
	Total number of bands ≤ NBmax
	Total number of bands ≤ 18 and > NBmax
	Total number of bands ≤ 24 and > 18
	Total number of bands > 24

	3
	0
	0
	0
	0

	7
	0
	0
	[-0.25]
	[-0.5]

	20
	0
	0.25
	0.5
	0.5


Table 2: ΔMB,R compensation values for bands 3, 7 and 20
	
	ΔMB,R [dB]

	E-UTRA Band
	Total number of bands ≤ NBmax
	Total number of bands ≤ 18 and > NBmax
	Total number of bands ≤ 24 and > 18
	Total number of bands > 24

	3
	0
	0
	0.25
	0.5

	7
	0
	0.5
	0.75
	1.0

	20
	0
	0
	0.25
	0.5


On the basis of the considerations above, following proposals are made:

Proposal 1: In light of approved way-forward in [1], maximum number of bands NBmax related to baseline condition of baseline LTE BHH TRP/TRS values for bands 3, 7 and 20 will be set 12.

Proposal 2: In light of approved way-forward in [1], factors ΔMB,T for TRP and ΔMB,R for TRS for bands 3, 7 and 20 will be defined as in Table 1 and Table 2.

3
Conclusion

In this contribution, analysis submitted in RAN4#82bis in [2] has been reported and it has been exploited it in order to define parameters for framework applicability in case of multi-band support on the basis of approved way-forward [1], in particular:

1) Maximum number of bands NBmax has been proposed to 12 for bands 3, 7 and 20.

2) Factors ΔMB,T for TRP and ΔMB,R for TRS have been captured in Table 1 and Table 2 for bands 3, 7 and 20.
Following proposals have been made:

Proposal 1: In light of approved way-forward in [1], maximum number of bands NBmax related to baseline condition of baseline LTE BHH TRP/TRS values for bands 3, 7 and 20 will be set 12.

Proposal 2: In light of approved way-forward in [1], factors ΔMB,T for TRP and ΔMB,R for TRS for bands 3, 7 and 20 will be defined as in Table 1 and Table 2.

The proponent is available to work with other companies for finalizing the parameters for framework applicability in case of multi-band support.
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