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1
Introduction

In the last RAN1 meeting #69, the following WFs were discussed for SRS power control:
Proposal 1: Use CSI-RS based path loss estimation for open loop power control for SRS

Proposal 2: Rel-11 UE supports all SRS PC processes tied to PUSCH PC process

· Multiple processes are supported via semi-static P_SRS_offset(m), 

· Support increased range of the power offset value for m=0,1,  one of the offset is applied to periodic SRS, and the other offset is applied to aperiodic SRS

· FFS:  m belongs to the set {0,1,...,N-1}, and N-1 offsets(N>2) are supported for aperiodic SRS PC, e.g. each offset is linked to one A-SRS parameter set 

· UE is expected to switch dynamically between different P_SRS_offest(m)s, according to some eNB signaling 

Proposal 3: 

· Rel-11 UE supports one periodic SRS PC process and one aperiodic SRS PC process both tied to the PUSCH PC 

· FFS whether range of power offset values P_SRS_offset(m), m=0,1 is extended

· TPC command h(i)

· Rel-11 also supports one aperiodic SRS PC process with separate UE-specific setting for the following parameter:

· FFS if UE specific power offset P_SRS_offset(2) with increased range compared to Rel-8

· UE is expected to switch dynamically between different P_SRS_offest(m)s intended for aperiodic SRSs, according to some eNB signaling 

· The following aspects are FFS:

· Association between aperiodic SRS configurations and {h(i), P_SRS_offset(2)}

· Procedure for signaling h(i)

· Range for P_SRS_offset(m) 
In this contribution we first review different considerations for potential SRS power control enhancement, then provide our preference regarding the three proposals. 
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 control 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 last statement for 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:

CSI-RS based OL PC for SRS is not supported.
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:

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

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

· 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. 

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

[image: image4.emf]-4 -3 -2 -1 0 1 2 3 4 5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

RSRP Error in dB

Probability

RSRP Results at 1.4 MHz, -3 dB SNR, AWGN 

 

 

CSI-RS Report

CRS Report


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 SRS
3
Design Preference and Signaling Impacts

Based on the discussions in Section 2, we propose the following SRS power control enhancements: 

1. Rel-11 UE supports one periodic SRS and two A-SRS PC processes all tied to PUSCH PC 
2. The periodic SRS PC process and the first aperiodic SRS PC process follow the same behavior as in Rel 10
3. The second A-SRS introduce extended range of power control offset P_SRS_offset(2) (m=2), the exact range of this offset is FFS. 
4. Closed loop power control adjustment for the second A-SRS may be useful for mobility users; the adoption of the second closed loop could be further considered.  
With the introduction of the second A-SRS and extended initial power offset range, we can target the reception from a far away cell without impacting the UL transmissions to the current cell. 

Since the main target users are low mobility for CoMP, the increased offset can be signaled to the UE to compensate the path loss difference between the serving cell and intended reception point.  The impact on the specification as well as signaling is small in the sense that we only need to indicate to the UE which one of the A-SRS should be transmitted. 
3.1. A-SRS Triggering
In Rel 10 SRS transmissions, a UE shall transmit Sounding Reference Symbol (SRS) on per serving cell SRS resources based on two trigger types: 

- Trigger type 0: higher layer signalling 

- Trigger type 1: DCI formats 0/4/1A for FDD and TDD and DCI formats 2B/2C for TDD. 

In case both trigger type 0 and trigger type 1 SRS transmissions would occur in the same subframe in the same serving cell, the UE shall only transmit the trigger type 1 SRS transmission.

One option is to use type 1 with additional RRC signaling. To minimize the specification impact and avoid introduction of new DCI mapping, we propose to use RRC to signal subframe configuration for the second A-SRS. So certain subframes are set aside for the second A-SRS. 
· If a DCI triggers the A-SRS on the predefined subframe, UE will transmit the second A-SRS, in all other subframes, the same DCI would trigger the first A-SRS transmissions. 

3.2. Closed Loop Power Control

As discussed earlier, with low mobility UEs, open loop adjustment with extended range of power control offset should be sufficient to handle the path loss mismatch between the target cell and serving cell. A separate closed loop could potentially bring some benefit for the mobility users, although it will have some impacts on the dynamic signaling. 
Currently the closed loop power control commands are signalled the following way: 
· Power control commands for PUSCH/P-SRS/A-SRS are sent in the following UL formats:
· DCI format 0 for SIMO (2bits)
· DCI format 4 for MIMO 
· Power control commands for PUCCH are sent in the following DL formats:
· DCI format 1 (2bits)
· DCI format 1A (2 bits) : for CRC scrambled by RA-RNTI, P-RNTI, SI-RNTI, these bits can be used to indicate column N_PRB_1A in TBS table. 
· DCI format 1B/1D/2/2A/2B/2C: (2bits)
· In addition to the TPC commands that are sent with UL or DL grants, there are two separate DCI formats for power control
· DCI format 3 (2bits) with a tpc-Index provided by higher layer signaling for a UE: TPC command number
· DCI format 3A (1bit)
If we need to introduce additional closed loop power control, we should try to meet the following requirements:
· No impact to the performance of PUCCH/PUSCH and currently supported A-SRS and P-SRS

· Not introducing new DCI formats

With these considerations, using format 3/3A for the second A-SRS is preferred if we have to introduce a closed loop power control for the second A-SRS. 

Similar to the A-SRS triggering option, we can re-interpret the power control command in format 3/3A depending on the subframe where A-SRS is transmitted. This follows the same design option as for the A-SRS triggering as described in Section 3.1:

· Based on the RRC defined subframe index for the second A-SRS, apply the power control command DCI format 3/3A to the second A-SRS accordingly. 
· If a PUSCH is also transmitted on the same subframe without a grant, such as non-adaptive retransmission or first transmission of SPS, then the PC command in the format 3/3A should be applied to PUSCH. 

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

Based on the analysis of various design options, we make the following recommendations:
1. Rel-11 UE supports one periodic SRS and two A-SRS PC processes all tied to PUSCH PC (OL) 
2. The periodic SRS PC process and the first aperiodic SRS PC process follow the same behavior as in Rel-10
3. The second A-SRS has extended range of power control offset P_SRS_offset(2) (m=2), the exact range of this offset is FFS. 
4. For the second A-SRS, we reuse the same triggering mechanism as Rel-10 with the subframe configurations to differentiate from the first A-SRS

5. Closed loop power control adjustment for the second A-SRS may be useful for mobility users; the adoption of the second closed loop could be further considered.  If second closed loop is introduced then we need to minimize the impact on specification for the additional power control commands as well as impact on PUSCH/SRS, e.g. by using DCI 3/3A. 
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