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1 Background
In earlier RAN4 meetings, both operators and vendors proposed their test results and considerations on TRP/TRS requirement with assumption of a single normative requirement [1][2][3][4][5][6]. However, even after long discussion, the proposals mainly from vendors still have visible gaps (5dB or more) with GSMA proposal, e.g. in [7]:
	WCDMA BHH
	GSMA Proposal (V2.0.3.Feb.2014)
	TRP (Microsoft, NTT DOCOMO, Nokia) and TRS (Microsoft, Nokia)

	
	TRP
	TRS
	TRP
	TRS

	
	Minimum
	Minimum
	Minimum
	Minimum

	
	Average
	Min
	Average
	Min
	Average
	Min
	Average
	Min

	Band I
	15
	14
	-101
	-100
	12
	9
	-97.5
	-94.5

	Band II
	16.5
	15.5
	-98.5
	-97.5
	11
	8
	-95.5
	-92.5

	Band V
	11
	10
	-94.5
	-93.5
	7
	4
	-91.5
	-88.5

	Band VIII
	11
	10
	-96
	-95
	7.5
	4.5
	-91
	-88


Table 1. GSMA proposal and MSFT/DOCOMO/Nokia proposals
In 3GPP RAN4#73 and #74 meetings, Telecom Italia introduced a new approach with two normative TRP/TRS requirements for each band [8][9], and in 3GPP RAN4#74 meeting, a WF [10] was further proposed by multiple companies, with the main idea as follows:
· A potential new scheme for defining TRP/TRS requirements has been discussed, based on two normative TRP/TRS requirements for each operating band:

· “Core requirement”: intended for primary bands wherein terminals reach the best performance.

· “Roaming requirement”: intended for secondary bands (i.e. “non-core” bands) wherein terminals reach performance corresponding to roaming scenarios.

The proposed core/roaming concept expects to reflect operators’ optimization desire on operating bands, and meanwhile align with vendors’ implementation facts, i.e. in terminal design, some certain bands will be assumed as optimized bands for a few target markets, e.g. regions, countries or even operators.
For further understanding of the core and roaming approach, in this contribution, we discuss the fail rate based on possible core and roaming requirement assumptions, and then discuss the definition consideration of core and roaming bands. 
2 Discussion 
2.1 Fail rate study

Considering previous RAN4 progress, we firstly focus on WCDMA bands, i.e. Band I/II/V/VIII. And all tested phones are commercial products from a wide selection of vendors, not limiting to Microsoft/Nokia products. Considering the specification will be effective to relevant recent products, the products in the test are selected as smart phones with touch screen released within recent three years. The failure is judged if the terminal fails any core/roaming requirement in core/roaming band. We assume one core band (i.e. Band I or Band VIII) and two core bands (i.e. both Band I and Band VIII) cases. The roaming band requirement refers to Microsoft/Nokia proposal in Table 1, and the core band requirements shift on top of roaming band requirements by 1dB to 3dB. The fail rate is shown below:
	Core Band Assumptions (Roaming req. = MSFT/Nokia)
	Overall Fail Rate

	0 core band
	16.3%

	1 core band, i.e. WCDMA I
	Core req. = Roaming req. + 1dB
	24.5%

	
	Core req. = Roaming req. + 2dB
	38.8%

	
	Core req. = Roaming req. + 3dB
	57.1%

	1 core band, i.e. WCDMA VIII
	Core req. = Roaming req. + 1dB
	18.4%

	
	Core req. = Roaming req. + 2dB
	30.6%

	
	Core req. = Roaming req. + 3dB
	46.9%

	2 core bands, i.e. WCDMA I & VIII
	Core req. = Roaming req. + 1dB
	26.5%

	
	Core req. = Roaming req. + 2dB
	40.8%

	
	Core req. = Roaming req. + 3dB
	61.2%


Table 2. Assuming roaming band requirement as Microsoft/Nokia proposal, core band requirement shifted based on roaming band requirement
The results show that increasing of core band requirements will significantly impact the fail rate. When core band limits are 2dB higher than roaming band limits, 30% or more phones will fail. And if delta between core and roaming band reaches 3dB, half or more phones will fail. 
Then if we tune the roaming requirement a bit, i.e. relax roaming requirement by 1dB from Microsoft/Nokia limits, and then check the overall fail rate. The results are in Table 3.
	Core Band Assumptions (Roaming req. = MSFT/Nokia – 1dB)
	Overall Fail Rate

	0 core band
	6.1%

	1 core band, WCDMA I
	Core req. = Roaming req. + 1dB
	10.2%

	
	Core req. = Roaming req. + 2dB
	20.4%

	
	Core req. = Roaming req. + 3dB
	34.7%

	1 core band, WCDMA VIII
	Core req. = Roaming req. + 1dB
	10.2%

	
	Core req. = Roaming req. + 2dB
	16.3%

	
	Core req. = Roaming req. + 3dB
	28.6%

	2 core bands, WCDMA I & VIII
	Core req. = Roaming req. + 1dB
	14.3%

	
	Core req. = Roaming req. + 2dB
	24.5%

	
	Core req. = Roaming req. + 3dB
	38.8%


Table 3. Assuming roaming band requirement as Microsoft/Nokia proposal – 1dB, core band requirement shifted based on roaming band requirement

From the overall fail rate in Table 3, it is observed that, with proper core and roaming requirements (e.g. the case of delta = 2dB), the overall fail rate, even with two core bands, could reach the same level in [7], i.e. below/around 25%. Or even higher core band requirement (e.g. delta > 2dB) can be expected with proper roaming band requirement. And it is also observed that the fail rate of the single core band limit varies among different bands, thus different bands have different offsets between core and roaming band limits may also help to balance the overall fail rate. In general, we observe:
Observation 1: Properly choose core band and roaming band requirement can make fail rate reasonable.

But in the upper two cases (Table 2 and Table 3), defining multiple core bands does impact fail rate comparing with certain one-core band case, e.g. 2 core bands case has 10%+ additional fail rate comparing with 1 core band = WCDMA Band VIII, and it is easy to imagine much higher fail rate if defining 3 or more core bands. However, as many bands will overlap partially among different RATs, when the vendor optimizes some frequencies, such optimization may benefit multiple bands in different RATs, and thus increase number of supported core bands. Generally we observe:     
Observation 2: Number of core bands will considerably impact the fail rate, thus should be properly determined. 

From previous contributions, we can see considerable gaps between vendors [1][2][4] and operators [5][6]. We comprehend the reason is that operators’ proposals reflect operator’s specific requirements, which may reflect a single or a few but limited market requirements, on some operating bands, and on the other hand, vendors’ proposals reflect both the implementation capability in one certain terminal and also the consolidated market requirements that is a more broader representative of various market requirements on those bands. From the upper fail rate study, we may consider applying core band requirement close to operators’ preferred requirement to those operating bands, and leave other bands fulfilling roaming requirement proposed by vendors as the minimal requirement. 
Based on all upper observations, we further see that the core and roaming approach is a feasible way forward for TRP/TRS discussion in RAN4. 
Proposal: Defining two normative TRP/TRS requirements for each operating band, i.e. core requirement and roaming requirement, to be agreed as the way forward of further TRP/TRS discussion in 3GPP RAN4. 
Furthermore, above analysis focuses WCDMA bands aiming to show the concept of core and roaming method, and we think more study of fail rate and requirement considering LTE bands is still needed. 
2.2. Definition of core and roaming bands

In [8], it is explained that the core and roaming bands can be defined in fixed tables according to regions, countries or even operators. And this totally fixed definition may need many defined items from multiple regions / countries / operators, and some regions may be very contentious because different operators have very different bands. Such fixed-table idea may also cause that too many bands all become core bands in a region, and may make no sense to the eventual terminal implementation and testing. From the above fail rate study, it can be predicted that too many core bands will easily cause un-reasonable fail rate. 

Therefore we propose to consider a dynamic or flexible approach to define the core bands. When certificating one specific terminal device, vendors have the option and flexibility to declare a set of core bands requirements to be satisfied. One possible way could be that 3GPP will be able to specify a minimal number of core bands or other possible rules which vendors need to follow when declaring the supported core bands. Such a dynamic way is necessary since it will reflect the implementation reality of different terminals. On the other hand, the devices following this approach will also satisfy the operator core requirements on those targeted bands/market, which such devices are supposed to be shipped to.
Certification groups such as GCF and PTCRB could add to their certification process a step where the core and roaming bands for each device receiving certification would be published on a website for access by the general public.  Providing this information to the end users would enable them to have a choice in how good OTA performance they want to have in their devices. Vendors would be driven by market forces to have as many core bands as possible to attract end users.
Observation 3: Flexible definition of core and roaming bands, e.g. dynamic definition, is a possible way, and it should be beneficial to both market and standardization.
3 Conclusion

In this contribution, we analyse the fail rate of core and roaming approach with some assumed core and roaming band requirements in WCDMA, and further discussed the possible definition ways of core and roaming bands. Based on the upper analysis, we have the following observations:
Observation 1: Properly choose core band and roaming band requirement can make fail rate reasonable.

Observation 2: Number of core bands will considerably impact the fail rate, thus should be properly determined. 

Observation 3: Flexible definition of core and roaming bands, e.g. dynamic definition, is a possible way, and it should be beneficial to both market and standardization.
Proposal: Defining two normative TRP/TRS requirements for each operating band, i.e. core requirement and roaming requirement, to be agreed as the way forward of further TRP/TRS discussion in 3GPP RAN4. 
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