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1
Introduction

In RAN1#67 management of CoMP sets, i.e. CoMP measurement set and RRM measurement set was discussed. The following was concluded:
“Conclusion:
· Study the method of CoMP measurement set management for CSI feedback (according to the definition in TR36.819) considering following and revisit at the next meeting

· Study whether existing features are sufficient
· Study the need and suitability of introducing the reporting of received power measurement of CSI-RS ports:

· FFS on the impact on the power control, interference measurement
· This functionality is configurable by network”
In this contribution we provide our views on management of CoMP sets. In particular, we address the size of CoMP measurement set as well as methods for selecting the CSI-RS resources to be included in the CoMP measurement set. Related to the latter we also provide an evaluation of the suitability of CSI-RS for received power measurements.
2
CoMP measurement set
CoMP measurement set is defined in TR 36.819 as follows:

“CoMP measurement set: set of points about which channel state/statistical information related to their link to the UE is measured and/or reported”
First issue related to the CoMP measurement set size is the hearability of the points. Typically the average received signal strengths (e.g. RSRPs) of the points within the CoMP measurement set would be within a certain power window compared to the signal strength of the serving point. However, we note that the detectability of the points limits this power window. For example based on the current measurement requirements in [2], the UE is supposed to detect cells up to 6 dB lower than the serving cell, i.e. cells whose Es/Iot ≥ -6 dB. If the cells can not be detected, they are not measured and hence can not be added to the CoMP measurement set. Furthermore, it is far from clear whether adding very weak cells/points to the CoMP measurement set would even be beneficial from performance perspective when taking into account also practical measurement accuracy. We note that the measurement requirements only provide an accuracy range for the measurements: for example, in intra-frequency case for relative RSRP measurements (i.e. RSRP measurements to compare signal strength between two points), the accuracy requirement is ±3 dB, which means that individual cell measurements may be off by several dBs.
Figure 1 shows the hearability of different points in different scenarios.There is only a very low probability that three points would be within any feasible power window. Most of the time only two points would be within the power window. Based on this it would seem that it may be sufficient if two CSI-RS resources can be included in the CoMP measurement set.
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Figure 1. Probabilities of having x number of points within certain received power window in different scenarios.

Moreover, even if a certain number of points is included within the CoMP measurement set, the eNB scheduler will still do the final decision about the cooperating set. For the scheduler to actually schedule the UE to CoMP mode, the CoMP CQI, either aggregated CQI or a CQI derived from per CSI-RS resource CQIs, essentially needs to result in a better scheduling metric compared to a (sum of) corresponding single point scheduling metric(s). Hence, even if very weak cells/points would be included in the CoMP measurement set, after scheduling decisions those might never end up in the actual cooperating set.
Observations:

· Detectability of the cells/points would in practice limit which cells/points can be included within the CoMP measurement set.

· Measurement inaccuracies might further reduce the benefits of including very weak cells/points in the CoMP measurement set.

· Number of cells/points within practical received power window in the scenarios of interest tends to be low (2-3).
On the other side, limiting factors of the CoMP measurement size are UE CSI measurement and processing complexity, and also the uplink overhead required for the corresponding reporting. Setting the UE to blindly measure CSI-RS, derive feedback and transmit feedback in uplink for all points that happen to appear within the power window leads to unnecessary UE complexity, power consumption and possible wasting of uplink resources. Already single-point aperiodic CSI feedback is considered as a significant burden for the UE feedback computations, and now in Release 11 the UE is expected to compute per-CSI-RS resource feedback for multiple points, possibly complemented by additional inter-CSI-RS resource feedback within the same processing time of 4 ms. Clearly relaxation to the processing time should be sought.
Proposals: 

· Limit the number of configured CSI-RS resources within the CoMP measurement set to two.
· I.e. CoMP CSI feedback designed for up to two CSI-RS resources.
· Consider relaxing the feedback processing time from current 4 ms when UE is configured with multiple CSI-RS resources for CSI feedback.
3
Managing CoMP sets

CoMP measurement set is typically configured to the UE based on power differences between the points. In principle, these power differences can be obtained either using existing Release 10 features e.g. uplink signals, or based on RRM measurements. In fact in scenarios 1-3, existing RRM measurements should be enough. Problems arise only in scenario 4 where CRS-based RSRP measurements are not directly applicable for CoMP measurement set selection. 
Observations:

· In scenarios other than scenario 4, CoMP measurement set selection can be done based on existing features, for example based on existing RRM measurements.

· Enhancements are essentially targeted towards scenario 4.

For this case, the discussion in RAN1#67 focused mainly on whether CSI-RS –based power measurements should be introduced, or whether uplink signals would be enough. Essentially two questions were raised: whether CSI-RS are suitable for received power measurements, and if CSI-RS are used, how the RRM measurement set is decided at the eNB side. The main concern here is whether uplink signals would anyway have to be used for RRM measurement set selection. In the next section we evaluate the suitability of CSI-RS for received power measurements and in section 3.2 we discuss the selection of RRM measurement set.

3.1
Evaluation of suitability of CSI-RS for received power measurements
We evaluated the performance of CSI-RS –based power measurements and compared it with the performance of CRS-based power measurements. The received power was measured using either 1 RE CSI-RS, 2 RE CSI-RS (increased density) or CRS. Following the current RSRP performance requirement settings, the received power was L1-filtered over 5 measurement subframes where we had measurement subframes every 10 ms to reflect CSI-RS periodicity (i.e. DRX was not considered). Receive diversity was according to TS36.214 [3], i.e. maximum received power measured over the two receive antennas was selected. More detailed simulation assumptions are listed in Appendix A.

Simulation results are shown in Figure 2 and Figure 3 for 1.4 MHz bandwidth and 10 MHz bandwidth, respectively. It is observed that fairly good estimation performance is achieved also with CSI-RS. What is notable in the results is that the performance of CSI-RS –based measurement with 1 RE/PRB/port density is not significantly improving when the bandwidth is increased from 1.4 MHz to 10 MHz (with corresponding increase in the total number of samples). This is because the error is ultimately caused by the algorithm not being able to track the frequency-selectivity of the channel due to too low CSI-RS density. 
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Figure 2.  CSI-RS received power measurement error in case of 1.4 MHz bandwidth.
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Figure 3. CSI-RS received power measurement error in case of 10 MHz bandwidth. CSI-RS from the whole system bandwidth are used for the power measurement.
It is well known that the main source of error in received power measurements is not the RS itself, but the uncertainty in the RF gain setting. Due to this RAN4 for example specifies separate requirements for absolute and relative RSRP, relative RSRP not being affected by the RF gain setting inaccuracies. For CoMP measurement set purposes, we are interested only in the relative power differences between the points; hence the link-level studies performed would give a fairly good indication about the accuracy obtained for CoMP measurement set selection.
Observations:
-
CSI-RS are suitable for received power measurements.
-
Performance with the current CSI-RS is mainly limited by the RS density in frequency.

3.2
RRM measurement set
TR 36.819 [1] defines RRM measurement set as follows:

“RRM measurement set: The set of cells for which the RRM measurements are performed (already in Rel-8).”
Typically, RRM measurement set is the set of (strongest) cells that the UE is measuring after having autonomously detected the cells based on PSS/SSS. However in case of CSI-RS, there is no autonomous detection of the CSI-RS resources (points) but rather the eNB would configure the RRM measurement set to the UE, i.e. the CSI-RS resources from which the UE would need to measure the CSI-RS received power. 
This raises the question on how the eNB would be able to configure the RRM measurement set to the UE. It is noted that the size of the RRM measurement set also needs to be limited (specified). For example, currently UE is required to be able to measure eight cells using CRS, and a similar restriction needs to be set also for the number of CSI-RS resources (points) involved in the CSI-RS power measurement. Since this might correspond to only a subset of the points within one cell, it is relevant to figure out how the eNB would select that subset (note that e.g. strongest transmit point is not known to the eNB directly, hence just configuring a certain number of neighboring points is not feasible). It seems the only possible solution might be to utilize uplink signals for this, for example SRS. In this case, it can be indeed questioned why CSI-RS –based power measurements are needed in the first place if uplink signals anyway need to be utilized.

On the other hand, relying only on uplink signals could mean, for example, more frequent SRS transmission considering that the RRM measurement set should most likely be reconfigured at each change of DL or UL serving (strongest) point, and UE mobility should be considered here. It should also be noted that uplink hearability and downlink hearability can be different because the interference conditions at any given time can be different for uplink and downlink: what the UE is able to receive in downlink may be different from the UL coverage. When CSI-RS received power measurements are used, uplink signaling may be required only for initial configuration of the RRM measurement set, while further configurations may be done by the eNB based on knowledge of the DL/UL serving point and the corresponding neighboring points. Hence, CSI-RS power measurements might reduce slightly the required uplink SRS transmissions compared to the approach of relying only on uplink signals. However whether this is sufficient for introducing the related RAN2 and RAN4 standardization effort is far from clear.
Observations: 
· In context of CoMP measurement set management, the main benefit of introducing CSI-RS –based power measurements may be slight savings in UL overhead.
· More frequent uplink signal (e.g. SRS) transmissions towards all points might be needed otherwise.
· However it is not clear whether this alone is a sufficient reason for introducing CSI-RS –based power measurements.

· Significant standardization effort would be introduced also to RAN2/RAN4.
4
Conclusions

In this contribution we have addressed management of CoMP sets. First on the CoMP measurement set size we have the following proposals:
Proposals: 

· Limit the number of configured CSI-RS resources within the CoMP measurement set to two.
· I.e. CoMP CSI feedback designed for up to two CSI-RS resources.
· Consider relaxing the feedback processing time from current 4 ms when UE is configured with multiple CSI-RS resources for CSI feedback.
Then we discussed how the CoMP measurement set is selected at the eNB side. Here we conclude that CSI-RS are suitable for received power measurements, however the benefits of such measurements in context of CoMP measurement set selection seem to only relate to slight reduction in uplink SRS signaling.
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Appendix A – Link simulation assumptions

The simulation assumptions used in the CSI-RS received power link simulations are listed in Table 1.
	Table 1. Main simulation assumptions used in the evaluation of CSI-RS received power measurements.

Parameter
	Value

	System bandwidth
	1.4 MHz, 10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configurations
	2x2, cross-polarized

	Channel model
	SCM Urban Macro NLOS

	UE velocity
	3 km/h

	CSI-RS periodicity
	10 ms

	Number of measurement subframes / measurement duration
	5 / 50 ms

	Rx diversity
	Maximum received power over Rx antennas as in TS36.214


