3GPP TSG-RAN WG4 Meeting #69
R4-136482
San Francisco, USA, 11th - 15th Nov, 2013

Agenda item:       7.3.1
Source:
Broadcom Corporation
Title:
Non-contiguous Intra-band CA power imbalance and timing difference
Document for:     Discussion
1 Introduction

The possible power imbalance and timing difference between CC’s in non-contiguous intra-band CA has been discussed quite extensively in previous meetings, for instance [1], [2], [3], [4], [5]. This contribution provides further consideration on this topic and makes some proposals on how to do the specifications.
2 Discussion
Two key issues are the maximum power imbalance between the DL carriers and the maximum allowed time difference between the carriers. They are in some sense related to each other as the larger timing difference indicates the usage of non-collocated network (scenario 4). When the DL CC’s are transmitted from different BS’s the maximum power imbalance is larger or can be larger compared to cases when CC’s are transmitted from same BS. Thus we see that practically there are two extreme cases for consideration during the study:
1) Have small timing difference and small power imbalance

2) Have large timing difference and large power imbalance

Observation1: There are two extreme cases for consideration during the study
1) Have small timing difference and small power imbalance

2) Have large timing difference and large power imbalance

Case 1 is a very straightforward one. Case 2 has several issues that we point out in the analysis below. Please note that there can be some other issues not mentioned in this contribution that may have an impact.
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Figure 1 Illustration of timing difference with large and small power imbalance. Circles depict BS coverage area
Receiver must be able to operate sufficiently well upon existence of blockers at different offsets as defined in basic single carrier receiver specifications. Thus those requirements can be used as a starting point for the maximum power imbalance analysis. We start by illustrating current receiver requirements for single carrier. 
2.1 Single carrier receiver requirements
Figure 2 below illustrates the power imbalance between DL CC and blockers in receiver requirements for 5MHz carrier. The number represents the power difference between the wanted signal and the blocker in each requirement. Please note that the actual power level each in requirement varies (in some test the DL is at REFSENS+6 and in some test it is REFSENS+14 and so on). 
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Figure 2 Receiver ACS and blocking requirements
From Figure 2 we can see that the maximum power difference between DL and blocker is 47dB at an offset of ~15MHz. Each test is defined with different wanted signal level. Thus it can’t be automatically assumed that the same power difference would apply with different wanted signal power level. Let’s use ACS as an example. The wanted signal level in ACS1 is REFSENS+14dB and blocker level is REFSENS+45.5dB. In ACS2 the power levels are -56.5dBm and -25dBm, respectively. However, the current requirement does not guarantee that the same power difference of 31.5dB would automatically apply for say wanted signal level REFSENS+3dB.
Observation2: Power imbalance in single carrier receiver requirements applies at the defined power levels only 

2.2 Power imbalance for non-contiguous intra-band CA 

Based on the recent discussions in RAN4 non-collocated scenario seems to be pretty rare for non-contiguous intra-band CA. Thus it would be natural to do the specification assuming non-collocated scenario is not the baseline scenario.
Observation3: Non-collocated scenario seems to be rare in intra-band non-contiguous CA

However there has been some operator interest [1]. Please note that in this particular case the PCC (5MHz) is at lower frequency compared to SCC (20MHz) when in intra-band non-contiguous requirements the PCC is at higher frequency than SCC.

In case there is clear demand in RAN4 for intra-band non-contiguous CA with large power imbalance, the single carrier receiver requirements could be used as a starting point for the specifications. In intra-band non-contiguous CA the stronger carrier would mimic a blocker for the weaker carrier when defining the specifications for the power imbalance.
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Figure 3 Example of power imbalance between CC's
There are, however, some so far untouched issues. In single carrier requirements, the blocker BW is never larger than the wanted signal BW. In addition, the blocker is always “full” 5MHz signal in single carrier requirements. In intra-band non-contiguous CA the CC BW’s can be unequal and the CC’s RB allocation can vary. RAN4 needs to take these aspects into account. Specifically the case of 5MHz PCC with 20MHz SCC has raised operator interest in RAN4. For 5MHz wanted signal 20MHz blocker is different than 5MHz blocker. If SCC is at higher power level compared to PCC then RAN4 needs to scale the maximum power difference accounting the difference in the BW and the difference in the RB amount of the stronger CC. 
Observation4: The current receiver requirements don’t assume the blocker is wider than the wanted signal. In addition the amount of RB’s of the stronger signal has an impact as well.
Second issue is the possible small distance between LO’s. LO pulling etc. can happen when LO’s are at very small distance to each other. For instance in case non-contiguous intra-band CA band combination supports case 5MHz-5MHz the distance between LO’s can be ~5MHz in worst case.

Observation5: In some intra-band non-contiguous CA cases the distance between LO’s is very small
Maximum input power level is also an issue that needs some attention. In Intra-band non-contiguous CA requirements the maximum UE input power level is -22dBm and is defined at equal power (=-25dBm) per CC. Our view is that this requirement does not mean the total input power level requirement could construct from say CC powers of -22.1dBm and -40dBm that sum up as -22dBm. Thus RAN4 should use -25dBm as max input power per CC in maximum power imbalance analysis.

Observation6: The maximum input power level per CC should be -25dBm 
All in all, our opinion is the current power imbalance between the wanted signal and blocker in single carrier receiver requirements cannot be directly used as the maximum power imbalance between intra-band non-contiguous CA component carriers. They could be used as a starting point recognizing that some of the aspects mentioned or even not mentioned above may decrease the maximum power imbalance. 
2.3 Timing difference
Timing difference exceeding certain value between CC’s poses challenges to received signal quality because the LNA gain can be changed in the middle of OFDM symbol as pointed out for instance in [4]. This would have to be accounted in case the timing difference is such that it has impacts. 
Actually, there is a similar timing offset issue for CoMP Scenario 3/4 and CA scenario 4 due to the same geography deployment, although the single carrier is operated for CoMP scenario whereas the non-contiguous CA is used for CA scenario in this case. Thus, the pervious study for CoMP scenarios with the non-collocated transmission could be referred. In that case, the timing offset range [-0.5, 2.0]us between the serving cell and the data transmission point is assumed to define the demodulation requirements, which can secure the ignorable performance loss. Otherwise, a significant performance loss would be foreseen, especially in case of using the high MCS transmission. Similarly, given the worst case of the non-contiguous CA scenario where UE is located close to the RRH and far away from macro BS, the high MCS is likely to be scheduled for the UE on SCC from RRH. Then, the significant performance loss could be caused if LNA gain switching is based on the PCC or in between PCC and SCC supposing a huge timing offset.
Observation7: The impact to small/large timing difference needs to be evaluated. The timing offset assumed in CoMP scenario study for non-collocated operation can be referred.
3 Conclusion 
Intra-band non-contiguous CA power imbalance and timing difference was analysed. Whilst we see that to some extent current single carrier receiver requirements could be used as a “building block” for intra-band non-contiguous CA power imbalance there are issues that may decrease the power imbalance. Similarly large timing difference has a potential impact to received signal quality. The following observations were made:
Observation1: There are two alternatives to set the specification

1) Have small timing difference and small power imbalance

2) Have large timing difference and large power imbalance
Observation2: Power imbalance in single carrier receiver requirements applies at the defined power levels only 

Observation3: Non-collocated scenario seems to be rare in intra-band non-contiguous CA
Observation4: The current receiver requirements don’t assume the blocker is wider than the wanted signal. In addition the amount of RB’s of the stronger signal has an impact as well.
Observation5: In some intra-band non-contiguous CA cases the distance between LO’s is very small
Observation6: The maximum input power level per CC should be -25dBm 
Observation7: The impact to small/large timing difference needs to be evaluated. The timing offset assumed in CoMP scenario study for non-collocated operation can be referred.
As can be seen from the observations above, a more detailed analysis is needed. At least the issues mentioned above need to be analysed.
Yet known issue is how the specification would eventually look like; would it allow the use of scenario 4 in practice or would it make non-collocated scenario unusable for intra-band non-contiguous CA. Based on this considerations we propose the following:

Proposal1: Study how much the required maximum power imbalance is as a function of the distance between CC’s to allow feasibility of non-collocated scenario. 
Proposal2: Study the maximum allowed power imbalance based on the current single carrier receiver requirements with certain relaxation considering the impact from non-contiguous CA deployment for non-collocated operation.
Proposal 3: The timing offset, assumed in CoMP scenario study for non-collocated operation, can be referred as a starting point. 
The purpose of proposal1 and proposal2 is to study if non-collocated scenario is feasible from both deployment scenario and UE perspective. 
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