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1 Introduction

In RAN1#60 dynamic aperiodic SRS was agreed for uplink channel sounding enhancement in LTE-A. The following subjects are for further discussion as mentioned in the Chairman’s notes [1]: 

· Resource sharing between aperiodic SRS and  periodic SRS

· Resource allocation for aperiodic SRS (including for multiple antennas)

· PDCCH signalling aspects

· The duration of the dynamic SRS transmission (e.g. one shot, with a timer, semi-persistent until disabled, etc.)

In this contribution, we provide some reviews and discussions on some of these subjects along with some of our views.
2 Discussion

Dynamic aperiodic SRS could be used to efficiently manage limited SRS resources by requesting SRS transmission in an as needed basis according to traffic and channel conditions of each UE.  The location/multiplexing of the resources used for the aperiodic SRS transmissions, along with the method used for signalling their use are the two fundamental aspects that remain to be determined.
2.1 Resource Sharing between Aperiodic and Periodic SRS 

The Rel-8 cell specific SRS resources could be partitioned semi-statically into two parts, one for periodic SRS and the other for aperiodic SRS.   The partition could be done in either frequency domain (i.e. comb), code domain (i.e. cyclic shifts), or time domain (i.e. subframe offsets).  Figure 1(a) shows an example of time domain partition while Figure 1(b) is an example of frequency/code domain partition. Such cell-specific SRS resource partition could be implemented  at the eNB and may not be aware by each particular UE. The total cell specific SRS resources could be broadcasted to UEs in the same way as in Rel-8, i.e. using the same SoundingRS-UL-ConfigCommon IE.  
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(a) Time domain  resource sharing 
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(b) Frequency and code domain resource sharing

Figure 1 Cell specific SRS resource sharing between periodic and aperiodic SRS

For UE specific periodic SRS, its resources could be allocated semi-statically in the same way as in Rel-8 through RRC signalling.  While for UE specific aperiodic SRS, the SRS resources could be allocated either semi-statically through RRC signalling or dynamically through PDCCH signalling. The latter may provide more flexibility in terms of resource utilization but at the cost of larger signalling overhead. Given the limited DL PDCCH resources available, some trade-offs need to be carefully considered. 
The time domain resources for UE specific aperiodic SRS could be dynamically allocated and could be implicitly indicated through the aperiodic SRS request signalling,  for example,  if the request is received at subframe number n, the aperiodic SRS could be transmitted at subframe n+4 or later [5].  
In our view, it could be natural to partition Rel-8 cell specific SRS resources for both UE specific periodic and UE specific aperiodic SRS usage in Rel-10. The signalling details for UE specific aperiodic SRS resource allocation need further study.

2.2 Aperiodic SRS on New Resources

In addition to partition Rel-8 SRS resources for both period and aperiodic SRS usage in Rel-10, new resources could be allocated to support aperiodic SRS transmission [3] [4] [6] in Rel-10. Some of the options are discussed below.

2.2.1 In-Band and Out-band Sounding via DMRS

In the scenario of in-band sounding, when an aperiodic SRS needs to be transmitted from a UE and the UE has been scheduled a PUSCH transmission, the UE could transmit un-precoded antenna specific DMRS instead of the normal precoded DMRS.  The un-precoded antenna specific DMRS could then be used for UL sounding purposes as well as demodulation [4]
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[5]. The benefit of the approach is that no additional SRS resources are needed and thus the total  SRS capacity could be increased.  In addition, sounding performance could be improved since such un-precoded DMRS  is transmitted in two slots of a subframe.  The sounding bandwidth is, however, limited to the assigned RBs for PUSCH transmission. If the precoding vector to be used for PUSCH data is known by the eNB, the equivalent channel experienced by the precoded data could still be estimated through the antenna specific un-precoded DMRS sequences and thus PUSCH data can still be demodulated.  However, when the precoding vector is not known at the eNB, eNB may not be able demodulate the data correctly using such un-precoded DM-RS. This factor needs to be considered when use un-precoded DMRS for demodulation. 
In the situation of out-band sounding, when a UE is not scheduled with PUSCH, it could still transmit antenna specific DMRS transmission on those RBs scheduled for another UE and use those antenna specific DM-RS only for sounding purposes [3]. There could be two scenarios depending on whether the UE’s antenna specific DMRS has the same or different bandwidth as the PUSCH assignment of the paired UE or UEs. 
· With equal bandwidth:   In this case, two or more UEs could be paired together to share the UL DMRS resources, i.e. the cyclic shifts, but only one UE transmits PUSCH data. The other UEs only transmit antenna specific DMRS without PUSCH data. The DMRS transmitted by the sounding UEs occupies the same RBs as the PUSCH. The sounding bandwidth is thus limited to the PUSCH RB allocation. 
· With unequal bandwidth:  In this case, the sounding bandwidth could be wider than the assigned PUSCH.   Because the orthogonality between DM-RS sequences could be lost due to the different DMRS sequence length from different UEs, additional covering codes such as OCC could be applied to DM-RS symbols across the two slots in order to maintain orthogonality.  The UL performance could, however, be impacted for UEs with high mobility, and thus further study may be needed. 

In both cases, an UL grant may be required for each of the sounding UEs to send aperiodic SRS request, thus leads to consume additional PDCCH resources. However, similar signalling overheads could also be needed if SRS are transmitted on resources other than DMRS.   In addition, the near-far effect due to imperfect power control among the UEs needs to be further considered in both cases for potential impact on PUSCH demodulation performance. The impact of increased inter-cell interference on the DMRS symbols in a synchronous network also needs to be further studied. The reduction in the number of available DMRS could also limit UL MU-MIMO capacity.
In our view, in-band sounding with DMRS should be considered and out-band sounding is FFS.

2.2.2 Increasing RPF and number of cyclic shifts
Increasing RPF from 2 to 4 would double the SRS resources [6].  However, it also reduces the channel delay spread that SRS performance can tolerate.   For example, increasing RPF from current 2 to 4 would reduce the tolerable channel delay spread from currently 4.17us to 2.08us.  So this approach may be applicable to cells where the channel delay spread is narrow.  Another effect of RPF change is on the SRS sequence length for a given SRS BW. The reduced sequence length means reduced SNR for a given receive power spectrum density and the impact on SRS channel estimation and coverage performance need to be evaluated.  The change also has a backward compatibility issues with Rel-8 UEs unless a new signalling IE is added specifically for Rel-10 UEs. In addition, interference could occur when Rel-8 UEs and LTE-A UEs are scheduled with the same comb index due to the non-orthogonality between the SRS sequences. Although scheduling restrictions could be used to avoid the interference, further study may be needed to evaluate the impact of the restrictions.  
To ensure the new SRS sequences are compatible with Rel-8 UEs and orthogonal to each other, the valid number of cyclic shifts that could be supported  are N=8, 12 and 24 [6]
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[9]. Only N=24 seems to be fully backward compatible with Rel-8 UEs, where the full set of Rel-8 cyclic shifts could be configured to Rel-8 UEs.  For the case of N=12, only 
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2, 4, 6 are the valid cyclic shits for Rel-8 UEs, so the available SRS resources for Rel-8 UEs would be reduced. This could be an issue when majority of the UEs in a cell are Rel-8 UEs.    In both cases, the 3 bits cyclic shifts field in Rel-8 RRC SRS signalling needs to be modified. This may have an impact on legacy Rel-8 UEs and needs to be carefully considered.

In our view, increasing either RPF or cyclic shifts needs further study. 
2.3 PDCCH Signalling Aspect for Aperiodic SRS

The design of PDCCH signalling for aperiodic SRS should consider both the signalling overhead and the required flexibility. There are two aspects of PDCCH overhead, one is the increased number of DCIs per subframe due to aperiodic SRS requests, the other is the increased size of a DCI due to aperiodic SRS related signalling bits. Both require more PDCCH resources. A few PDCCH signalling options are discussed below.
2.3.1 Signalling with UL Grant 

UL grants could be used for sending aperiodic SRS request to UEs with or without PUSCH data.  When aperiodic SRS resources are semi-statically configured, aperiodic SRS requests through UL grants may be the most efficient way for UEs with PUSCH data.  For UEs without PUSCH data allocation, UL grants could also be used  for sending  aperiodic SRS requests efficiently for sounding over DMRS resources, where DMRS bandwidth and frequency location could be signalled.  When aperiodic SRS resources are allocated over Rel-8 SRS resources and UEs do not have PUSCH data allocations, using UL grants for aperiodic SRS signalling could result in large number of additional UL grants per subframe and thus may not be very efficient.  

2.3.2 Signalling with DL Grant   

When Rel-8 SRS resources are used for aperiodic SRS, its activation could be indicated in a DL grant [5]..  It could be used when the aperiodic SRS resources are pre-configured and Rel-8 SRS resources are used, thus only an aperiodic SRS activation indication is needed.   When a UE does not have PUSCH data to send but has a DL grant, using DL grant would be an effective way for aperiodic SRS indication.    It could be used as a  supplemental way  to  activate aperiodic SRS signalling with UL grants. 

. 
2.3.3 Signalling with a New DCI 
To reduce signalling overhead, a new DCI could be defined to signal aperiodic SRS to a group of UEs, similar to DCI3/3A in Rel-8 for power control [4].  UEs within the same group could be pre-configured such that their aperiodic SRS could be multiplexed in the same subframe, thus a single aperiodic SRS request with the new DCI could be used to trigger aperiodic SRS for all or a subset of the UEs in the same group.  One drawback with group activation is that group members are typically semi-statically configured, so if the UEs in the same group have different mobility and thus different channel variations, activating them together may not be very efficient in terms of SRS resource utilizations.  Furthermore, the new DCI should preferably be designed such that it does not increase the number of PDCCH blind decodes the UEs will need to perform.
In our view,  Aperiodic SRS signalling through UL grants should  be supported while aperiodic SRS signalling with DL grant could also be considered. The  concept of using a new DCI for aperiodic SRS activation for a group of UEs could be considered without increase the blind decoding, the DCI details is for further study.
2.4 The duration of the dynamic SRS transmission

2.4.1 One-Shot or multi-shot SRS transmissions
In aperiodic SRS signalling design, signalling overhead needs to be considered carefully. Further overhead reduction could be achieved by triggering multiple aperiodic SRS transmissions ( “SRS burst”) with a single aperiodic signalling request [1]. The concept is further illustrated in Figure 2. The duration of the transmission could be configurable either through higher layer signalling or through PDCCH signalling.  PDCCH signalling is more flexible in adapting to the available SRS resources or channel/traffic condition changes, but may have greater overhead than higher layer signalling.  As one shot transmission can be considered as a special case of multi-shots SRS transmissions, therefore, an aperiodic SRS burst transmission with configurable duration could cover both cases. 
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Figure 2  Multiple aperiodic SRS transmissions with a single request 

SRS burst transmissions could be used to improve the SRS coverage for cell edge UEs [8] with transmissions with multiple Tx antennas. So it would be beneficial to have a timer to indicate the aperiodic SRS duration or the number subframes to be transmitted on for each request. This timer could be configured either semi-statically through high layer or dynamically. 

2.4.2 Semi-Persistent SRS Configuration

This is a case where SRS for each UE could be enabled by an aperiodic activation request carried over PDCCH. During the activation period, SRS is transmitted periodically from a UE.  The SRS transmission is disabled by an aperiodic SRS de-activation request.  The benefit of this scheme is that it could have less signalling overhead and could be used similar to periodic SRS in Rel-8 during the activation period, but activated and deactivated through PDCCH rather than RRC signalling.  Thus it has a shorter latency compared to that RRC signalling. One drawback of this scheme is that in case the aperiodic SRS de-activation request is lost or in error, the aperiodic SRS transmission could continue if undetected and collision with others could happen.   Thus some handshaking mechanism may be required to prevent the situation from happening. 

In our view, aperiodic SRS request with a configurable duration should be supported, the maximum duration is FFS.;  semi-persistent SRS configuration needs to be further studied.
3  Summary and Conclusions

We have discussed various aspects related to aperiodic SRS resources allocation and possible signalling schemes and their potentials and limitations.  Our views on some of the aspects could be summarized as follows :
· The cell specific periodic SRS resources defined in Rel-8 could be shared between UE specific periodic and aperiodic SRS in Rel-10. The signalling details are FFS.

· In-band DMRS sounding should be considered.
· Signalling using UL grants should be supported, details are FFS. 
· An aperiodic SRS transmission with configurable duration could be supported, the maximum duration is FFS. 
4 References

[1] RAN1 Chairman’s notes, section 7.4.2,  3GPP TSG RAN WG1 Meeting #60

[2] R1-101094, “Considerations on Aperiodic SRS”, Texas Instruments

[3] R1-101077, “Sounding capacity enhancement using DMRS”, Huawei

[4] R1-101438, “Channel sounding enhancement for LTE-Advanced uplink”, Nokia Siemens Networks, Nokia

[5] R1-101495, “SRS enhancements for LTE-A”, Qualcomm

[6] R1-100523, “Multiplexing capability of uplink SRS in LTE-A”, ZTE

[7] R1-100966, “Evaluation for increased SRS multiplexing”, ZTE

[8] R1-101247,”SRS Enhancement for UL MIMO in LTE-Advanced”, LGE

[9] R1-100445, “Sounding reference signals for LTE-A”, Mediatek












Cell specific Periodic SRS resources





Freq/code domain 





Time 





Cell specific Aperiodic SRS resources



































































































































Cell specific Periodic SRS resources





Time 





Freq/code domain 





Cell specific Aperiodic SRS resources







































































Aperiodic SRS 





Aperiodic SRS request 





Aperiodic SRS request 





Aperiodic SRS transmissions with a single trigger 





  Activation delay





Duration














  Activation delay
































_1331490299.unknown

