
3GPP TSG-RAN WG1 Meeting #85
R1-164937        
Nanjing, P.R. China, 23th –27th May 2016
Agenda Item:
6.2.6.2
Source: 
Ericsson

Title:  
On Periodic and aperiodic SRS switching
Document for:
Discussion
1 Introduction

In this contribution we discuss the aspect of supporting periodic or/and aperiodic SRS on an SRS only carrier. To further understand this we discuss the general use cases to support SRS based carrier switching.
2 Scenarios for SRS and implications
2.1 Impact of SRS transmission on PDSCH throughput

The purpose of SRS switching is to allow eNB to determine downlink precoding when more downlink carriers are configured than uplink carriers. In this section we discuss use cases for SRS switching, as well as the implications on overhead with Rel-13 limitations on joint transmission of SRS and ACK/NACK.

While SRS can be used to estimate the channel for the serving cell, downlink measurements are needed to determine the interference. Therefore, the UE must still report CQI when it is configured with SRS switching. Such a CQI measurement should be made using CSI-RS that reflect the array gain of the number of layers to be transmitted. In this case, a UE can calculate CQI by measuring N beamformed CSI-RS ports associated with a rank N PDSCH.

A UE receiving a PDSCH must transmit ACK/NACK. When ACK/NACK is on PUCCH, since UEs do not transmit SRS on a carrier when transmitting ACK/NACK over PUCCH, and when ACK/NACK transmission occupies an entire PUCCH subframe, each SRS transmission precludes transmission on all PDSCH serving cells in a subframe. Therefore, if Rel-13 full-subframe ACK/NACK and SRS transmission mechanisms are used, SRS switching on SCells on x% of subframes reduces peak downlink throughput by x% if ACK/NACK is on PUCCH.  

On the other hand, if ACK/NACK is on PUSCH, SRS can be transmitted along with PUSCH and ACK/NACK. If PUSCH is triggered only on an SCell, then ACK/NACK, PUSCH, and SRS can all be carried on the SCell, and the full downlink throughput can be obtained for that cell. However, this is only possible for one SCell, and so peak downlink throughput is reduced by (C-1)/C*x% if the UE is scheduled on one of C cells and its ACK/NACK is on PUSCH. 
Observations:
· If Rel-13 ACK/NACK transmission mechanisms are used, SRS switching should be infrequent (on the order of a few % duty cycle).

· SRS switching in x% of subframes reduces downlink peak throughput by at least x%/2.

2.2 Application of SRS based carrier switching and their frequency requirements

The amount of precoding information and its use case obtained varies according to how often and with what bandwidth SRS is transmitted. MIMO algorithms that can use SRS measurements include:
2.2.1 Application with frequent SRS transmission requirements

High resolution frequency selective precoding for MU EB/FD-MIMO: In this case, eNB uses reciprocity to obtain the full channel state information between all eNB Tx and Rx antennas, and transmits with antenna patterns that maximize SINR.  This is especially applicable for MU-MIMO operation.  When large arrays are used, the antenna patterns tend to be frequency selective, and UEs may be served on the steep parts of the patterns near the nulls.  This requires highly accurate CSI estimation, and so it must be updated relatively frequently.  The full bandwidth should be sounded as well, presuming that the eNB will want to be able to schedule UEs anywhere in the band.
Such an implementation requires well calibrated eNB Tx and Rx chains, and UEs using the same RF paths for transmit and receive.  Furthermore, SRS channel estimation accuracy must be high, requiring sufficient resources for SRS to be carried on each UE antenna port as well as sufficiently high SRS SINR.
Observations: 
· The greatest performance potential with SRS switching is when SRS is used to determine high resolution, frequency selective precoding in large arrays.

· Such high resolution precoding requires frequent, wideband, SRS transmission.

2.2.2 Application with less frequent SRS transmission requirements

Reciprocity based SU-MIMO precoding: SU-MIMO requires less channel state information to obtain good performance, since eNB does not need to suppress inter-UE interference, relying on UE antennas to separate inter-layer interference of its PDSCH.  Sufficient channel state information is needed to determine the precoding to maximize array gain, but such precoding can exploit antenna correlation.  Therefore, TM9/10 designs have a longer term, wideband precoding component used across correlated antennas that can provide much of the gain in larger arrays.  Short term, frequency selective precoding is also used to combine, or ‘cophase’, uncorrelated (such as dual-polarized or spatially diverse) elements.

Overall, SU-MIMO then can rely more on wideband precoding than high capacity / high resolution MU-MIMO designs.  Further gains can come from frequency selective precoding and CQI, however, these are not essential as they are for MU-MIMO in large arrays.
Semi-open loop transmission: It is also possible to use random cophasing for the uncorrelated elements in the array while still applying the wideband long term component across the correlated elements.  This ‘semi-open’ loop transmission is more robust in that frequency selective CSI is not needed.  Consequently, SRS transmission can be narrow band, as well as less frequent.  However, it has less performance than the approaches above, due to reduced array gain from the lack of cophasing in rank 1 transmission.
Observations: 
· SRS transmission may also be used to determine wideband, long term precoding, e.g. for beamformed CSI-RS with for lower resolution SU-MIMO or semi-open loop transmission.
· Such precoding requires less frequent SRS and/or may allow narrow band SRS transmission.
Proposals:
· Rel-14 SRS switching designs should at least support wideband, infrequent (on the order of a few % duty cycle) SRS transmission.

· If enhanced SRS switching mechanisms allowing rapid SRS switching with low overhead are feasible and beneficial, SRS switching designs can also target more frequent SRS transmission.
2.3 Support of periodic and aperiodic SRS

Given the discussion in previous section it is clear that the SRS transmission in itself should at least be supported for low duty cycle type of operation. There is always a cost associated with switching to transmit to carrier with SRS only transmission and to be able to maxims the freedom for the eNB when to conduct the switch it would be sufficient to support only aperiodic SRS. The same discussion could also be done for more frequent SRS transmission wherein it is further clear the impact of the SRS transmissions would be good to minimize and it would in that sense be good to give the eNB full control when the SRS is transmitted.

Proposal

· Only aperiodic SRS is support on SRS-only carriers

3 Conclusions

In this contribution we have discussed the support of aperiodic and periodic SRS. In section 2.1, the impact of SRS switching on throughput is discussed. In section 2.2, the possible scenarios and application for SRS based carrier switching were discussed. It was concluded that obtaining high resolution estimates of the channel state information would require relatively frequent transmission of wideband SRS. However, the amount of SRS switching degrades the downlink throughput due to the conflict between sending PUCCH-based HARQ information and sending SRS.  Other, less demanding, application such as reciprocity based SU-MIMO precoding and semi-open loop transmission have been discussed.  Finally in section 2.3, support of periodic and aperiodic SRS was discussed. The following observations and proposal were made:

Observations:

· If Rel-13 ACK/NACK transmission mechanisms are used, SRS switching should be infrequent (on the order of a few % duty cycle).

· SRS switching in x% of subframes reduces downlink peak throughput by at least x%/2.

Observations: 
· The greatest performance potential with SRS switching is when SRS is used to determine high resolution, frequency selective precoding in large arrays.

· Such high resolution precoding requires frequent, wideband, SRS transmission.

Observations: 
· SRS transmission may also be used to determine wideband, long term precoding, e.g. for beamformed CSI-RS with for lower resolution SU-MIMO or semi-open loop transmission.

· Such precoding requires less frequent SRS and/or may allow narrow band SRS transmission.

Proposals:

· Rel-14 SRS switching designs should at least support wideband, infrequent (on the order of a few % duty cycle) SRS transmission.

· If enhanced SRS switching mechanisms allowing rapid SRS switching with low overhead are feasible and beneficial, SRS switching designs can also target more frequent SRS transmission.

· Only aperiodic SRS is support on SRS-only carriers
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