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1. Introduction

To facilitate interference coordination and/or provide area splitting gain in CoMP scenarios, RAN1 has agreed to introduce the concept of a dedicated (UE-specific) virtual cell ID (VCID). Hence, a Rel-11 UE can be configured with a VCID to generate: 
· The base sequence index (BSI) for PUSCH DMRS, denoted herein as NIDDMRS
· The cyclic shift hopping (CSH) sequence for PUSCH DMRS, denoted herein as NIDCSH
· Both BSI and cyclic time shift hopping sequence for PUCCH, denoted herein as NIDPUCCH. 
· The relation to PUSCH VCIDs is still under discussion.
Naturally, it is desirable to consider if the benefits of a dedicated VCID parameter also accrue to SRS operation in CoMP scenarios. Consequently, it was proposed, at the RAN1 #69 meeting [1], to also introduce a VCID parameter, X, that can substitute the physical cell ID in generating the SRS BSI and sequence group/sequence hopping pattern. It was also mentioned in [1] that RAN1 consider other related aspects such as rate matching of PUSCH in SRS subframes, and SRS dropping rules. Furthermore, it is worth evaluating whether other enhancements that were discussed, but not agreed to, in the Rel-10 time frame strongly justify reconsideration in the context of CoMP deployments. This contribution considers the need for SRS enhancements to improve CoMP operation. 
2. Motivation for UE-specific virtual cell ID for SRS
In our view, CoMP-specific SRS enhancements are not necessary for homogeneous deployments such as CoMP scenarios 1 and 2 as legacy interference randomization and orthogonalization techniques are adequate for such deployment cases. As such, this contribution focuses on heterogeneous deployments with unique (Scenario 3) and shared cell ID (Scenario 4) scenarios. For PUSCH, the factors motivating a UE-specific VCID include:
1. Flexible pairing of UEs for inter-cell DMRS orthogonality or equivalently, efficient interference coordination in a CoMP coordination area.

2. Area splitting gain in the case of CoMP Scenario 4

3. Complementing existing interference randomization techniques in CoMP Scenario 3. 
From an SRS perspective we consider possible benefits of a SRS VCID in the het-net deployment scenarios.
Scenario 3

Deployment of small cells within a macro cell area increases cell boundaries resulting in the potential for excessive interference due to transmission of non-orthogonal CAZAC sequences across cells. Legacy mechanisms do exist to combat SRS inter-cell interference such as interference randomization via sequence-group/sequence hopping, and also network planning e.g. different SRS subframe configurations. Therefore, since Rel-11 CoMP assumes an ideal backhaul, inter-cell SRS orthogonality between reception points (RPs) in the CoMP coordination area can be achieved by time/frequency/code partitioning. Note that the resulting increase in SRS overhead is tempered by the fact that the number of UEs transmitting to any one RP is also much smaller than for a homogeneous deployment case due to user offloading. On the other hand, if a UE is configured with VCIDs to transmit PUSCH to a RP other than its serving cell, it should be possible to configure SRS targeting the same RP. 
Observation:

· A UE-specific VCID for SRS sequence generation is not essential for CoMP Scenario 3 as interference randomization and network planning may be sufficient.
· For the case where a UE is configured to transmit PUSCH to a RP other than its serving cell, it should be possible to configure SRS targeting the same RP.
Scenario 4

For Scenario 4, inter-cell SRS orthogonality is achievable within the CoMP coordination area at the expense of SRS capacity because of the shared cell ID. Therefore, ensuring sufficient SRS capacity, while maintaining a reasonable SRS overhead per cell, becomes the primary concern as the number of served UEs increases within the CoMP coordination area. During Rel-10 standardization similar concerns about SRS overhead led to the adoption of aperiodic SRS (A-SRS) for efficient management of the existing SRS resources. Area splitting gain in Scenario 4 can be achieved by configuring UEs clustered around a reception point with a virtual cell ID for SRS transmission to the desired RP. 

Observation: area splitting gain can be achieved by introducing a UE-specific VCID for SRS base sequence generation and cyclic shift hopping.
3. Configuration of UE-specific Parameters for SRS Sequence Generation and Transmission
As a consequence of introducing a SRS VCID for Scenario 4, we also consider whether other cell-specific parameters involved in SRS transmission/reception need to be made UE-specific to ensure area splitting gain. 

A possible het-net use case was described in [2], wherein there are more UEs transmitting to the macro compared to UEs transmitting to the pico/RRH. Hence, applying the same cell-specific SRS subframe configuration in both macro and pico cells unfairly penalizes PUSCH efficiency in the pico due to PUSCH rate matching in a cell-specific SRS subframe. A different but related issue was observed in [3] for decoupled data and control, where a UE receives PDCCH from one cell but transmits PUSCH to a different cell. Thus, if the SRS subframe configurations are different between the two cells, it needs to be clarified which of these configurations should be adopted by the UE. 
These two examples motivate the introduction of a UE-specific SRS subframe configuration parameter. However, changes to cell-specific parameters should be carefully considered with respect to the specification impact. For example, it can be argued that all the cell-specific parameters in the SoundingRS-UL-ConfigCommon information element can be made UE-specific if VCID is applied for SRS transmission in Scenario 3. To justify this argument we consider a few examples:
1) SRS bandwidth configuration: 
a. If a SRS VCID is configured for Scenario 3, there is a possibility that the SRS bandwidth in a pico cell is not the same as that of a macro cell. This may occur when there is a large imbalance in PUCCH load requirements between pico and macro cells. For example, in a 10MHz system, the macro may dimension the PUCCH region such that the maximum SRS bandwidth is 40 PRBs. On the other hand a pico/RRH serving only a few UEs may configure a maximum SRS bandwidth of 48 PRBs. Note that, as a side benefit, this configuration scenario optimizes PUSCH transmission in a local (pico) area compared to a wide (macro) area. 
b. A similar case of different SRS bandwidth configurations between RPs can be envisioned for Scenario 4, where a small number of UEs are configured to transmit PUCCH to a different RP other than the macro serving cell. 
2) SRS in UpPTS region: in Rel-10 the maximum SRS bandwidth in the UpPTS region is limited by the number of format 4 PRACH resources NRA if the parameter srsMaxUpPts is enabled by higher layers. Therefore, configuring a TDD UE to transmit SRS to a RP other than its DL serving cell in Scenario 3 implies that the same value of srsMaxUpPts is configured for each cell. Otherwise, if this is not the case, a UE-specific configuration is needed. Note that we have assumed that the same PRACH configuration index is configured for the two cells. 
3) For Scenario 3 it is unclear if RPs within the CoMP coordination set broadcast the same value regarding simultaneous transmission of SRS and ACK/NACK.
Conversely, it is instructive to also consider the impact of no additional changes to Rel-10 specification other than configuring a SRS VCID

· The worst case SRS overhead is ~7% when the cell-specific SRS periodicity TSFC = 1. With cell range expansion in het-nets, a considerable number of UEs may be offloaded from macro to pico cells/RRHs. Therefore, we do not expect a dramatic difference in the SRS subframe configurations between RPs. 
· For ideal backhaul the RPs within the CoMP cluster can coordinate their respective settings of cell-specific SRS parameters. This can be left to network implementation.

Proposal: 
· Consider the introduction of a UE-specific SRS VCID
· Further enhancements to be considered if a SRS VCID is also seen as beneficial for Scenario 3 include
· UE-specific SRS subframe configuration
· UE-specific SRS bandwidth configuration
· UE-specific configuration of simultaneous ACK/NACK and SRS transmission
· For SRS transmission in the UpPTS region consider necessity of UE-specific configuration of srsMaxUpPts. 
· Alternatively reception points within the CoMP coordination set can coordinate other cell-specific SRS parameters and can be left to network implementation. 

3.1. Relation to PUCCH/PUSCH VCIDs

One unresolved issue for UL CoMP is the relation between the PUCCH and PUSCH VCIDs. If a SRS VCID is also introduced, its relation to the PUSCH/PUCCH VCIDs, if any, needs to be clarified. A few observations:

· In prior LTE releases, inter-site PUSCH DMRS orthogonality could be achieved by assigning the same base sequence across the sectors of the same cell site. This was enabled by the PUSCH group assignment parameter Δss. Clearly, Δss was not applicable for PUCCH and SRS, which require splitting gain within a cell site. 

· Compared to the legacy mechanism, area splitting gain can be provided in Rel-11 by configuring a UE with a SRS VCID for SRS transmission. Furthermore, the applications of SRS reception including channel estimation for link adaptation and frequency dependent scheduling, UL timing and UL power control are based on the link to the RP, which is likely to be the closest RP in order to minimize UL interference. 
· Since it is likely that the PUSCH transmission also targets the closest RP, it makes sense that the VCID for SRS is the same as the VCID that generates PUSCH BSI. As mentioned in the previous section, this is also the main motivation for configuring a SRS VCID in Scenario 3.
Proposal
· A Rel-11 UE can be configured to generate SRS BSI and sequence hopping pattern with the VCID used for PUSCH BSI generation, NIDDMRS.

· Otherwise, the UE shall use the PCID as in Rel-10.

4. Frequency hopping for aperiodic SRS
Frequency hopping was proposed for aperiodic SRS (A-SRS) during Rel-10 standardization but it was not agreed partly due to a failure to reach consensus on the benefits and triggering design. Regarding triggering, we showed that the PDCCH overhead incurred by scheduling sounding of each part of a hopping bandwidth could be significant. Conversely, it is more efficient to transmit a single PDCCH that schedules sounding across the hopping bandwidth (see [4] for more details). This signaling overhead becomes prohibitive for CoMP Scenario 4 where, in the absence of the ePDCCH, all UEs within the CoMP coordination area are scheduled via the PDCCH. Indeed, the signaling overhead concern applies to het-net deployments in general and not specifically for CoMP.
Observation: separate triggering of each part of a hopping bandwidth may incur prohibitive DL signaling cost in a het-net scenario.
Proposal: If frequency hopping is supported for aperiodic SRS in Rel-11, a single PDCCH shall be used to schedule A-SRS transmissions across the frequency hopping bandwidth. 

5. Increasing sounding resources

During Rel-10 standardization several methods to increase sounding resources were considered, namely, sounding on the DMRS symbols, increasing the number of cyclic shifts (CS) and/or the repetition factor (RPF). It was observed that doubling the number of cyclic shifts from 8 to 16 halved the minimum CS distance from 4.167 µs to 2.08 µs. Although the delay spread for small cells is on average shorter than that for macro cells, reducing the minimum CS distance is not a robust approach when timing errors are also considered. Similarly, increasing RPF may degrade channel estimation performance due to reduced frequency resolution. Therefore, we believe the same conclusions reached during Rel-10 standardization also hold for Rel-11 CoMP. 

It was also suggested in e.g. [1] to consider sounding on the DMRS symbols. This scheme was also studied for Rel-10 but was not agreed partly due to time constraints in completing the specification. Other design considerations include signaling aspects – higher layer or dynamic signaling – and the tradeoff between multiplexing UEs only for PUSCH transmission versus multiplexing PUSCH and sounding UEs in the same bandwidth. Unfortunately, we face a similar situation in Rel-11 in that the timely completion of the specification precludes a full evaluation of this approach. 
Proposal: revisit mechanisms to increase the base Rel-10 SRS resources such as DMRS sounding in Rel-12. 

6. Conclusion

This contribution studied the need for SRS enhancements supporting CoMP in Rel-11. Our recommendations can be summarized as follows:
· Consider the introduction of a UE-specific SRS VCID 

· Further enhancements to be considered if a SRS VCID is also seen as beneficial for Scenario 3 include
· UE-specific SRS subframe configuration
· UE-specific SRS bandwidth configuration
· UE-specific configuration of simultaneous ACK/NACK and SRS transmission
· For SRS transmission in the UpPTS region consider necessity of UE-specific configuration of srsMaxUpPts. 
· Alternatively RPs within the CoMP coordination set can coordinate other cell-specific SRS parameters and can be left to network implementation. 
· The SRS VCID is the same as the VCID used for PUSCH BSI generation, NIDDMRS. Otherwise, the UE shall use the PCID as in Rel-10.

· If frequency hopping is supported for aperiodic SRS in Rel-11, a single PDCCH shall be used to schedule A-SRS transmissions across the frequency hopping bandwidth. 

· Revisit mechanisms to increase the base Rel-10 SRS resources such as DMRS sounding in Rel-12.
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