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1 Introduction
In RAN1#70, some progress has been made on Rel-11 DL CoMP. Taking these and prior RAN1 decisions into account, in this contribution we discuss and provide our views on some of the aspects for CoMP demod and CSI requirements.

2 Discussion
2.1 Test case for antenna quasi co-location
In the RAN1 LS [1], several key decisions have been made regarding antenna quasi-collocation between different RS types. The decision defines two UE behaviors, namely behavior A and behavior B. Further discussions have been made on ePDCCH, also specifying behavior A and B.

In the last RAN4 meeting, many companies proposed the need of testing the UE’s correct application of behavior B under the dynamic quasi-collocation signaling between DM-RS and one of CSI-RS resources. Regarding how this should be tested, however, there were different approaches among different companies. 
One approach was that the dynamic signaling and the UE’s correct application of behavior B can be tested as a part of CoMP demod tests. In this case, typical values of timing and frequency offsets will be modeled in the tests, and performance requirement will be defined in terms of the demod performance of UEs correctly assuming the behavior B. The performance requirement will have to be such that UEs incorrectly assuming behavior A should fail the test, which will require the performance difference between the two behaviors to be large enough.

The other approach was that a separate functional test would be preferred only to test such aspect. In this case, CoMP demod tests will be defined based on typical values of timing and frequency offsets, and in addition, functional test(s) will be defined specifically to test the UE’s application of behavior B, preferably with a large degree of timing and frequency offset in order to make the performance difference between the two behaviors to be very large.
One significant drawback of the second approach is that it may unnecessarily increase the UE complexity by requiring the UE to handle timing and frequency offsets beyond typical and reasonable values. As an example, the CSI-RS periodicity of 5msec allows the UE to correct up to +/-100Hz of frequency offset by using commonly used algorithms such as the ones based on phase shift between consecutive CSI-RS instances. For the UE to handle frequency offset beyond that amount, even if we assume it is possible, would require a tracking algorithm with too much complexity.
Another drawback of defining such a functional test is on the UE performance implication. For example, an algorithm was suggested in the last meetings to mitigate the impact of negative timing offset by intentionally shifting the FFT boundary by a fixed amount. However, this approach works well only when the “fixed amount” is small, e.g. 1usec, as otherwise it significantly compromises the UE’s ability of dealing with delay spread by reducing the effective CP length by the fixed FFT shift amount. Obviously, the “fixed amount” in the UE implementation will have to be inferred from the timing offset that will be defined in RAN4 tests. Therefore, if a functional test is defined with a large timing offset, it will either compromise the UE’s ability of dealing with delay spread by unnecessarily too much or even discourage adopting such a FFT shift based solution in UE implementation.
Thirdly, an additional test case will incur test complexity and therefore should be introduced only if necessary. Thus, RAN4 should first see if it is possible to test the UE’s correct application of behavior B as part of CoMP tests, and if it is determined not possible, then RAN4 can discuss the possibility of such an additional functional test.
Our simulation results in [2] show that there is a clear performance difference between behavior A and behavior B with respect to a timing offset value of +/-1usec. Therefore, it is feasible to take the first approach, i.e. combined CoMP and antenna non-collocation test.
Proposal 1: Antenna quasi-collocation can be tested as a part of CoMP demod tests. There is no need of introducing separate tests for the purpose of testing UE’s correct application of behavior B.
2.2 Timing and frequency offset and BS/UE requirements
In [4], it is noted that UE reception from multiple TPs in DL CoMP is analogous to BS reception from multiple UEs in UL. In UL, to minimize ISI at BS, the UE transmission timing error is specified as +/-Te, where Te =12TS = 0.4usec for BW>=3MHz. Adding the TA step of 16TS, the max timing error at BS reception is Te+16TS = 28TS = 0.9usec. Therefore, it can be argued that similar guarantee is needed to minimize ISI impact on UE. In fact, several companies showed simulation results showing that the UE can handle up to 1-2usec positive timing offset and that the UE is quite sensitive to any amount of negative timing offset. The positive and negative ranges can be shifted depending on how the UE determines the FFT boundary, but the sum of the two, the range, should remain the same. This range, which is 1-2usec, is roughly in line with the above requirement derived based on the analogy with the BS reception, which is 1.8usec.
As discussed above, the theoretical maximum pull-in range of CSI-RS based frequency tracking is +/-100Hz. However, it can be deduced that CSI-RS would be insufficient for frequency tracking even within +/-100Hz range, considering that RAN1’s previous study on NCT has determined that CSI-RS is insufficient for frequency tracking, and also considering that the NCT RS, which has higher density than CSI-RS, is not adequate for frequency tracking for small system bandwidth. DM-RS based frequency estimation does not work well either for small PRB allocations. Unlike CSI-RS, DM-RS based tracking may be capable of correcting large frequency errors. However, the UE may only be scheduled intermittently with a small (say 3 PRBs) allocation, in which case the DM-RS based frequency estimation may not work well at low SNR. Overall, there are scenarios where CSI-RS and/or DM-RS based frequency tracking may work, but there are scenarios where both do not work well. Note also that requiring UE to correct the frequency offset will incur performance degradation due to inaccuracy in estimation even for the case when the actual offset is zero or very small, in which case it will be better off for the UE to assume behaviour A. Therefore, the UE should not be expected to be able to correct any frequency offset that may exist between CoMP TPs. Rather, such capability could be used by UEs optionally for scenarios where such tracking works well for performance improvement.
In [2]
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[3], we further show that without frequency error correction, the performance degradation is minimal under 50Hz offset but becomes large under 100Hz offset for 64QAM. Therefore, in view of the lack of reliable mechanism for UEs to correct frequency offset, it seems reasonable to define the CoMP tests with 50Hz offset.
From the above discussion we propose
Proposal 2 (Option 1):

· Do not add TAE requirement for core BS.
· CoMP UE requirement for received timing offset between TPs is defined at no larger than +/-0.9usec.
· Do not define relative frequency error requirements between TPs in the BS
· CoMP UE requirement for received frequency offset between TPs is defined at +/-50Hz.
An alternative approach in RAN4 would be to define BS requirements with small relative eNB timing and frequency offset within a CoMP coordination set (i.e., smaller than existing requirements for non-CoMP). More specifically, the same BS timing alignment error (TAE) requirement as in MIMO and TX diversity transmission could be used, and the frequency error could be kept small such that the frequency error seen by UE is purely the result of the UE mobility. Then, the timing and frequency offset requirement for the UE could be derived by considering the propagation delay and the UE mobility for CoMP deployments and could be discussed in the upcoming meetings.
Proposal 2 (Option 2):
· For TPs in a CoMP coordination set, BS TAE shall not exceed 65nsec.

· For TPs in a CoMP coordination set, frequency error between TPs may be considered as zero by UEs. 
· Discuss further the timing and frequency offset range the CoMP UEs need to handle.

2.3 CoMP test case considerations

There are many new elements introduced in TM10. These include the quasi-collocation behavior B, the CSI-RS/DM-RS quasi-collocation signaling, new rate matching around signaled CRS positions, new descrambling, to name a few. For CSI reporting, there are also many new elements including the introduction of (multiple) IMRs, multiple CSI processes, the concept of CSI reference resource, Pc configured per CSI process, UE processing relaxation in terms of timeline and processing complexity, etc.
In principle it is desired that these new features be covered in the tests. However, defining tests for each of the above features will unnecessarily increase the number of test cases, and instead RAN4 should strive to minimize the number of new test cases introduced by combining the new features into one test as much as possible. For PDSCH demod, it should be relatively straightforward to do so by constructing a DPS-like test scenario. For CSI, efforts should be made to minimize the number of test cases.
Proposal 3: RAN4 should strive to minimize the number of new tests introduced for CoMP.
2.4 CoMP deployment scenarios
In the RAN1 LS [1], the reference deployment scenario contains the following three scenarios:

1) CRS/PSS/SSS are transmitted from TP1 and TP2 using TP-specific cell IDs (“CoMP scenario 3”)
2) CRS/PSS/SSS are transmitted from TP1 and TP2 using an identical cell ID (“CoMP scenario 4”)

3) CRS/PSS/SSS are transmitted only from TP1 (“CoMP scenario 4”)
As per RAN1’s suggestion, we propose RAN4 to consider all of the three deployment scenarios. Rather than tripling the number of tests, RAN4 could smartly construct test cases such that each of the above three scenarios is covered by at least one test.
Proposal 4: Introduce at least one test case for each of the three deployment scenarios. 

2.5 Signal and interference levels
In many CoMP scenarios, resource orthogonalization between TP1 (macros) and TP2 (low power nodes) will be used. For example, a macro may empty certain subframes and/or RBs for RRHs within the macro to serve nearby UEs. As a result, other cell interference levels on different subframes/REs/channels will be different. This is quite similar to eICIC/FeICIC deployments, where three different noise levels in Noc1, Noc2, and Noc3 are modeled to reflect varying interference levels. Furthermore, various CSI-RS muting and ZP CSI-RS will also create different interference levels on different REs. Es/Noc levels of different antenna ports may be different due to either antenna non-collocation or different power boosting. Thus, we propose RAN4 to conduct analysis on how interference and signal levels should be set for different channels/resources for defining CoMP requirements/tests.

Proposal 5: We propose RAN4 to conduct analysis on how interference and signal levels should be set for different channels/resources for defining CoMP requirements/tests.
3 Conclusions
Proposal 1: Antenna quasi-collocation can be tested as a part of CoMP demod tests. There is no need of introducing separate tests for the purpose of testing UE’s correct application of behavior B.

Proposal 2
· Option 1

· Do not add TAE requirement for core BS.
· CoMP UE requirement for received timing offset between TPs is defined at no larger than +/-0.9usec.
· Do not define relative frequency error requirements between TPs in the BS
· CoMP UE requirement for received frequency offset between TPs is defined at +/-50Hz.
· Option 2
· For TPs in a CoMP coordination set, BS TAE shall not exceed 65nsec.

· For TPs in a CoMP coordination set, frequency error between TPs may be considered as zero by UEs. 

· Discuss further the timing and frequency offset range the CoMP UEs need to handle.

· Proposal 3: Introduce at least one test case for each of the three deployment scenarios. 

· Proposal 4: We propose RAN4 to conduct analysis on how interference and signal levels should be set for different channels/resources for defining CoMP requirements/tests.
Proposal 3: RAN4 should strive to minimize the number of new tests introduced for CoMP.

Proposal 4: Introduce at least one test case for each of the three deployment scenarios. 

Proposal 5: We propose RAN4 to conduct analysis on how interference and signal levels should be set for different channels/resources for defining CoMP requirements/tests.
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