3GPP TSG-RAN WG4 Meeting UE-RF
R4-69AH-0015
Austin, USA, 14th - 16th Jan, 2014
Agenda item:

5.1
Source:
Broadcom Corporation
Title:
Open issues related to TX and RX relaxations in 3DL inter-band CA 
Document for:

Discussion
1 Introduction
In RAN4#69 WF for ΔTIB and ΔRIB in 3DL inter-band CA was agreed [1]. The WF is based in principles used in 2DL inter-band CA. This contribution discusses the issues that were not covered by the WF. 
2 Discussion
The purpose of this paper is to find a proper way to address cases when UE supports LLL and/or HHH combinations and/or multiple 3DL inter-band CA combinations. After all there will be UE’s supporting these combinations and thus specification is needed sooner or later. The goal of this paper is not to increase already agreed relaxations for individual band combinations but more to inform that certain band combinations and cases when UE supports certain multiple band combinations still require further work. 
UE supports LLL and/or HHH combination

Some of the LLL and HHH combinations may be implemented using a quadplexer and a diplexer. Alternatively if the frequency distances are too small for a diplexer based implementation then a hexaplexer type of implementation is needed. 
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Figure 1 Diplexer based LLL/HHH solution
Looking at the figure 1 above it can be seen that the additional IL penalty compared with the current specifications is ~0.5dB due to the additional diplexer. It should be noted that the diplexer here cannot be “common diplexer” because all bands (A, B, C) are LLL or HHH. In fact the diplexer IL is likely a bit more than 0.5dB because the frequency distance cannot be large between Band A/B and Band C. 
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Figure 2 Hexaplexer LLL/HHH solution
There is not much information available on hexaplexer performance as of today. Initial weak indications show that the performance could be roughly comparable with diplexer based solution. Even figure 2 looks a lot simpler than figure 1, hexaplexer is still a tricky component to implement.
In case of HHH combination implementations the usage of more than one main antenna can be speculated; however doing specification assuming that is somewhat risky because the end results would more or less force to use that kind of implementation. We prefer to wait a bit and see if UE vendors adopt that kind of implementations in large scale.
UE supports overlapping LLH and/or LHH combinations

In case of overlapping LLH or LHH combinations the diplexer based implementation is often the desired choice. Alternatively “octaplexer” (4 matched duplexers out of which 3 are chosen) might be used although there is no evidence on its feasibility.
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Figure 3 Overlapping LLH or LHH combination
Bands A, B and E are low bands and bands C and D are high bands in figure3 and figure4. Quite likely common diplexer will be used for these cases. There are of course several interpretations on the grounds of 2DL CA specifications and agreed WF [1] but in some parts the likely existence of common diplexer is at least slightly reflected in current agreements. Thus looking at figure 3 one can see that there is no additional IL penalty for the overlapping Bands A and B. For the non-overlapping bands C and D the switch causes additional IL penalty of max ~0.5dB.
This case gets very tricky especially when some of the bands that need to be aggregated with a quadplexer belong to more than one quadplexed band combination. In that case a hexaplexer is very likely needed. Figure 4 below illustrates the situation when UE supports 3DL CA combinations A+B+C and for instance B+E+C. Band combination A+B is so close in frequency that they cannot be combined with a diplexer. Similarly band combination A+E is so close in frequency that they cannot be combined with a diplexer. Thus a hexaplexer solution is needed for bands A, B, and E. It’s very difficult to evaluate the real IL penalty because there is not much information available on hexaplexers yet.
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Figure 4 Overlapping LLH combination with tricky band combinations
How to address cases that are not covered by the current agreements? 
LLL and HHH combinations remain to be a bit of question marks. The additional insertion loss for those is ~0.5dB or more than the additional insertion loss for the 2DL CA band combinations. It should be noted that there are no LLL or HHH WI’s yet.
Some but not all partially overlapping LLH or LHH combinations will be problematic as well. In some cases the additional loss for the non-overlapping bands will be max ~0.5dB (figure3). In very problematic cases the additional insertion loss is probably clearly more than 0.5dB for some cases (figure4).

This rises up a question on how much performance degradation is allowed to maintain UE and network feasibility. One aspect is that no matter what the specification says, there is additional IL in the signal path. Of course the UE’s must be specification compliant but at the end the real performance in the field counts. 
As said earlier, the purpose of this paper is not to increase ΔTIB and ΔRIB relaxation values for individual band combinations. Anyhow, there are still at least two issues that need to be solved out latest when there is more information on the hexaplexer performance. 
· LLL/HHH combinations
· UE supports overlapping LLH and/or LHH combinations
RAN4 should have some discussion on how and when to handle these open issues. Our opinion is that the specification should be fully completed within REL112 timeframe. 
3 Conclusion
Unclarified issues related to 3DL inter-band CA relaxations were discussed. Brief conclusion is that LLL and HHH have 0.5dB or more additional insertion loss compared with respective 2DL CA combinations. Some overlapping LLH or LHH combinations are problematic or very problematic, additional IL is ~0.5dB or more compared with respective 2DL CA combinations. Open issues are at least
· LLL/HHH combinations

· UE supports overlapping LLH and/or LHH combinations

RAN4 should have some discussion on how and when to handle these open issues. Our opinion is that the specification should be completed within REL112 timeframe.
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