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1
Introduction

In the last RAN1 meeting #68, it has been agreed that for PUSCH/PUCCH, there is no UL power control enhancements in Rel 11, and will have email discussion on UL power control for SRS until RAN1#68bis.  
In this contribution we discuss some aspects of UL SRS in Rel-11 HetNet CoMP, i.e. Scenarios 3 and 4. The uplink reference signals are discussed from two different perspectives: 
· Support of UL CoMP

· Support of reciprocity based channel estimation in TDD DL CoMP

Some of the conclusions are applicable to CoMP Scenarios 1 and 2 as well but we don’t discuss this aspect in detail in this contribution. 

2
Discussion

We will focus on the two heterogeneous CoMP scenarios: 

· RRH CoMP Scenario 3:   RRH with different cell ID:

· Cell splitting gain can be easily achieved by scheduling different users to different RRH

· RRH CoMP Scenario 4:  RRH with the same cell ID, the Macro and RRH form a virtual large cell with centralized scheduling

· SFN gain can be achieved but not cell splitting gain for control

In the case of Scenario 3, cell range expansion can be achieved by either
· PSS/SSS/CRS/PBCH interference cancellation
· Decoupled data and control 

2.1
Support of UL CoMP
Normally, to support UL CoMP, there is no need to increase the UL signal’s reach to expand the number of reception points.   This is true even though the main driver of UL CoMP gain is combining receive signals from multiple transmission points. The fact that the gain comes from signal combining doesn’t mean that in general the PUSCH power should be increased to enhance the opportunity for combining. Of course, increasing the PUSCH power could increase the capacity of the serving cell RRH cluster but it will increase the interference to other uncoordinated cells as well.  This limitation is the same as in Rel-8/9/10, and there is no apparent reason to expect that it would change in Rel-11 UL CoMP.

On the other hand, the following aspect could be considered: 
· Change SRS power control to potentially enable channel estimation by neighbour cells for more reliable interference prediction or CoMP coordination

· It is not clear that this feature is needed

· In general, it seems that a fixed power offset of a moderate value should be sufficient because when the PUSCH itself cannot reach an UL point, there is no purpose of deriving accurate interference estimation of the UE at that UL point.  

· If needed, the power offset can already be supported by the UE-specific setting of 
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, which is already available in Rel-10. 
Due to the lack of justification for changes, we conclude that no SRS power contol changes are needed to support UL CoMP. 
2.2
Support of DL CoMP via TDD reciprocity
A notable difference between the UL CoMP case discussed in Section 2.2 and the support of DL CoMP via reciprocity   is that the SRS pathloss can be significantly different between the two cases.  This is because the DL data serving point(s) can be different from the UL serving point(s) and because of the potentially large DL power differences between points belonging to different power classes. 

A few solutions could solve this issue:

· Alt 1: Rely on current SRS power control algorithms

· The benefits of this approach are:

· There is no change to the standard or UE implementation.
· There is no separate configuration of SRS for UL and SRS for DL, therefore, it is more resource efficient. 
· To solve the issue of mismatch between power difference for UL and DL CoMP, one can use periodic SRS for UL CoMP, tied to PUSCH. And use aperiodic SRS for DL CoMP, decoupled from PUSCH. 
· The potential drawback is that:

· For the UE to reach for a far away high power node, it may need to transmit more power, which is not needed to reach a closed by low power node. 
· But this can be solved by the separate aperiodic SRS configuration. 
· Alt 2: Introduce two RRC signaled PC offset values and/or two control loops

· The benefits of such an approach are:

· To allow different transmission power targeted to different UL and DL CoMP nodes. 
· SRS for UL CoMP will be tied to PUSCH, SRS for DL CoMP will not be tied to PUSCH. 

· The drawback is:

· The mobile and eNB will need to maintain two separate power control loops.

· Alt 3: Introduce CSI-RS based OL PC
· The benefit is that:

· For Scenario 4, where CRS is SFN, it allows path loss measurement from each individual node. 
· The drawbacks are:

· There is significant spec impact on RAN1/RAN4
· There is significant impact on UE and eNB implementations. 
· The accuracy of CSI-RS based path loss measurement is insufficient to make correct OL PC adjustment. 
· The accuracy of CSI-RS based path loss measurement is further weakened by the OL errors due to UE Rx and Tx calibration inaccuracy. 

Regarding the statement on the CSI-RS based path loss measurement, we verified the performance of CSI-RS measurements based on the RAN4 requirement for CRS. 
Based on comparing the benefits and drawbacks above, we make the following proposals. 

Proposal 1:

For DL CoMP and UL CoMP, we support the usage of aperiodic SRS for DL CoMP purpose without additional standard changes or minimum spec change by introducing two RRC configurations for DL and UL. 

Proposal 2:
We do not support CSI-RS based OL PC for SRS

2.2.1
Performance Results of CSI-RS Based Measurement

Simulation is performed for the comparison between CRS based and CSI-RS based measurements. The simulation assumptions are listed below:

1. CSI-RS periodicity is assumed to be 5 ms. 

2. Measurement is performed assuming a DRX duration of 40 ms and ON duration of 5 ms. 

3. The center 5 MHz or 1.4 MHz are used for measurements. 

The typical RAN4 DRX configuration is assumed. DRX is an efficient technique for battery saving for LTE devices, especially smartphone and tablet with frequent bursts of traffic. These are also the exact target devices for CoMP applications. 

Note that it is not assumed that CoMP operation is necessary during DRX periods.  However, it is important that the CoMP set can be quickly established when data arrives after the UE is brought out of DRX. This capability is interfered with if the measurement accuracy doesn’t enable efficient CoMP set maintenance during DRX. 

Please note that the CSI-RS periodicity is assumed the most frequent, if other configuration is chosen, the accuracy for CSI-RS based measurement may be worse. Furthermore, the DRX ON time is assumed to be aligned with the CSI-RS periodicity. 

Finally, the center 5 MHz and 1.4 MHz are used for RSRP measurements. This is because RSRP measurement has to be supported for all bandwidth cases. 

2.2.2. Simulation Results

In order to provide a clear comparison of the accuracy of the two schemes, we focus on the AWGN channel with the typical RAN4 requirements listed above. 

Figure 1 shows the example of the RSRP measurements for 5 MHz bandwidth. As we can see, the CRS-based measurements accurately reflect the –3 dB SNR where the noise value is assumed one. On the other hand, CSI-RS based measurements have a large variance from measurement to measurement. 
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Figure 1 Time samples of reported values

Figure 2 shows the CDF of the comparison between these two for the 5 MHz, AWGN case. As we can see CSI-RS based RSRP measurements are significantly worse than the CRS based RSRP measurements.
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Figure 2  CDF of reported values
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Figure 3  CDF of reported values 

Figure 3 shows the CDF of the comparison between these two for the 1.4 MHz, AWGN case. The CRS based RSRP measurements remain accurate, but the CSI-RS based RSRP can not meet the RAN4 requirement due to the insufficient frequency tones to accurately estimate the power and bias. 
Observations: 

· CRS based RSRP measurements significantly outperforms CSI-RS based RSRP in accuracy. 

Analysis: 

· CRS has 2 frequency tones per RB, 4 symbols per subframe, and is present in every subframe

· CSI-RS has only 1 frequency tone per RB, 1 symbol per subframe, the most frequent periodicity is 5 ms

· The density of CSI-RS both in frequency and time is not sufficient to make it a good candidate for RSRP measurements

· We only focused on the AWGN case where we can clearly see the difference between the two alternatives. For multipath channel, it is further questionable whether CSI-RS has sufficient sampling rate. 

· Furthermore, in these simulations we assume no interference. With frequency selective interference, due to the sparse CSI-RS tone locations, the inaccurate noise and interference estimation will further degrade the CSI-RS based RSRP measurement accuracy. 

Conclusion:

· We should not use CSI-RS based OL PC for SRS. 

· We should either use CRS based OL PC for SRS, or in the case of CoMP scenario 4, use closed loop power control for CSI-RS

4
Conclusions

The uplink reference signals were discussed from two different perspectives: 

· Support of UL CoMP

· Support of reciprocity based channel estimation in TDD DL CoMP

We made the following suggestions:
Proposal 1:

For DL CoMP and UL CoMP, we support the usage of aperiodic SRS for DL CoMP purpose without additional standard changes or minimum spec change by introducing two RRC configurations for DL and UL. 

Proposal 2:
We do not support CSI-RS based OL PC for SRS
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