3GPP TSG RAN1#60bis       





                        R1-102114
Beijing, China
April 12 - 16, 2010
Agenda Item:
6.5.2
Source:
Motorola

Title:
Aperiodic SRS for LTE-A
Document for:
Discussion

1. Introduction

In RAN1#60, the following agreement was reached regarding sounding reference signal (SRS) enhancements in LTE-A

· Dynamic aperiodic SRS is supported

· Continue discussion on PDCCH signaling aspects, how to provide aperiodic SRS resources (including for multiple antennas), how to share these resources with ones for periodic SRS, and for the duration of the dynamic SRS transmission (e.g. one-shot, with a timer, semi-persistent until disabled, etc.)
· Precoded SRS is not supported in Rel-10. 
In this contribution, we discuss triggering of aperiodic SRS transmission, configuration of the sounding resources and duration of SRS transmission.
2. Aperiodic SRS
Aperiodic SRS will be supported in Rel-10 in order to increase SRS capacity and provide sounding capability as needed by the eNB.  Similar to aperiodic CQI in LTE Rel-8, users will be triggered to transmit aperiodic SRS.  This can be done using L1 or higher layer signalling.  To minimize latency and overhead, L1 signalling using the PDCCH is preferred.  If Rel-8 SRS configuration is re-used, a maximum of 16 users can be multiplexed into each sounding zone via different comb and cyclic shift assignment.  This means that each sounding opportunity can support many users.  To take advantage of this, group-based triggering can be used.  Group-based DCI similar to DCI 3/3A can then be defined to trigger multiple users at the same time.  Different grouping techniques can be used, for example based on CQI, data transmission pattern, and sounding requirements.  To provide some flexibility, the DCI may contain additional information in addition to the trigger.  For example, frequency location or cyclic shift can also be included.  This will, however, increase the number of required bits and lower the number of users that can be multiplexed together.  Naturally, to support group-based signalling, a new SRS-RNTI will have to be defined.
While the group-based triggering provides low overheads, flexibility is limited.  To allow full flexibility, an alternative individual-based PDCCH can be used.  This approach will allow the eNB to have precise control of the sounding configuration.  To support this ability, a new DCI format can be configured for this purpose or an existing format can be reused to support this feature.  The latter would use concept similar to random access procedure via PDCCH order.  Reuse of existing DCI format (e.g. 0/1A) is preferred to avoid introduction a new format and therefore increasing the number of decodes at the UE.
Alternately, an SRS-request bit can be included in the PDCCH (UL Grants and/or DL Assignments) to request a dynamic aperiodic SRS transmission.  In this case, dynamic one-shot/aperiodic SRS parameters are configured via RRC signalling as in Rel-8, and UE is triggered to send SRS via the SRS-request bit.  Details may be found in [4].
Proposal – UEs are triggered to transmit aperiodic SRS via PDCCH.  Group-based or individual-based PDCCH can be used.
When group-based signalling is used, sounding resource configuration (e.g. bandwidth, comb, cyclic shift, and antenna selection) is usually done with RRC signalling on a per user basis.  Alternately, different SRS configurations can be pre-defined and users are assigned to one of the configuration.  This approach can also be used for individual-based signalling to reduce the number of bits to be transmitted.  It is possible for aperiodic and periodic SRS to share the same resources if LTE-A SRS design is backward compatible.  Note that if a UE is configured for periodic SRS, it will take precedence over aperiodic SRS

Proposal – Sounding reference signal configuration is preconfigured using RRC signalling for group-based signalling and in case an SRS-request bit is included in the PDCCH.  An alternative is to provide dynamic SRS configuration in the PDCCH for individual-based signalling.
3. SRS Duration and Resource
In LTE SRS design, users can be configured to hop and transmit SRS across the bandwidth.  This is beneficial for cell-edge users as SRS reliability can be substantially improved.  Aperiodic SRS in LTE-A should also have this capability to ensure the same coverage and performance as LTE.  Figure 1 illustrates aperiodic SRS transmission that hops across the SRS resources.  Similar hopping patterns as in LTE can be reused.
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Figure 1.  Aperiodic SRS transmission.
Proposal – It should be possible to transmit aperiodic SRS in multiple SC-FDMA symbols.
Several approaches for providing additional SRS resources have been discussed in [2, 3].  They include, for example, transmitting the SRS on the uplink DMRS.  The eNB will have to separate the SRS from RS signals of scheduled users using MU-MIMO processing techniques.

4. Conclusions

This contribution discusses triggering of aperiodic SRS transmission, configuration of the sounding resources and duration of SRS transmission.  The following points are recommended for consideration –

· UEs are triggered to transmit aperiodic SRS via PDCCH.  Group-based or individual-based PDCCH can be used.
· Sounding reference signal configuration is preconfigured using RRC signalling for group-based signalling and in case an SRS-request bit is included in the PDCCH.  An alternative is to provide dynamic SRS configuration in the PDCCH for individual-based signalling.
· It should be possible to transmit aperiodic SRS in multiple SC-FDMA symbols.
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