3GPP TSG RAN WG1 Meeting #84

R1-160948
St Julian’s, Malta, 15th - 19th February 2016

Source:
NTT DOCOMO, INC.
Title:
Discussion on SRS design for eLAA UL
Agenda Item:
7.3.1.2
Document for: 
Discussion and Decision
1. Introduction

At the RAN#70 meeting, the new WI proposal on “enhanced LAA for LTE” (eLAA) was approved [1]. This WI targets to specify support for UL carrier aggregation for LAA SCell(s) using Frame Structure type 3. In the WID of eLAA, it is described about the specifying support for SRS. During Rel-13 LAA study item, some agreements related to SRS designs [2] were made and can be regarded as a starting point for the SRS design of eLAA WI.   

Agreements:

· Support of SRS transmissions on LAA SCell is recommended for LAA UL
· For a UE, SRS transmission with PUSCH is supported 

· FFS if SRS transmission without PUSCH is supported

· If supported, FFS whether with or without LBT

In this contribution, we discuss the SRS design for eLAA UL. 
2. SRS transmission structure 
For the SRS transmission on unlicensed carrier, we will discuss on the cases of possible SRS transmission with PUSCH and without PUSCH separately.  
2.1 SRS with PUSCH
While considering the transmission of PUSCH on unlicensed carrier, there might be two kinds of PUSCH subframes as we discussed in the companion contribution [3]. One is full UL subframe, in which 14 SC-FDMA symbols are transmitted in the subframe.  The other is partial UL subframe, in which last one or several SC-FDMA symbols of a UL subframe are punctured as CCA gap for next subframe usage. For the full UL subframe, SRS could be located at the last SC-FDMA symbol of the subframe. But for the partial UL subframe, if SRS still need to be located only at the last SC-FDMA symbol of scheduled UL subframe, SRS symbol will be punctured. In such case, the transmission opportunity for SRS will be limited. 

To support the SRS transmission in partial UL subframe, one of the possible solutions is allowing SRS located just before PUSCH subframe. Fig. 1 shows an example of SRS transmission together with partial PUSCH subframe. In the example, if DCI with SRS trigger is transmitted together with UL grant for partial UL subframe and UL LBT is succeeded, SRS could be transmitted on the symbol just before PUSCH subframe. 
Proposal 1: SRS transmission on symbol just before PUSCH subframe can be considered.  
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Figure 1. SRS transmission on symbol just before PUSCH subframe
2.2 SRS without PUSCH

SRS transmission is helpful for channel quality estimation to benefit UL transmission, e.g. MU-MIMO operation, as well as reciprocity-based DL transmission, but the efficiency and corresponding CCA mechanism for SRS only transmission in unlicensed carrier should be carefully discussed. 
Based on legacy configuration, SRS is transmitted on the last SC-FDMA symbol. Even if SRS transmission without PUSCH is allowed, LBT procedure should still be required to satisfy the regulatory requirement. Considering the proposed SRS + PUSCH transmission structure (SRS transmission just before the PUSCH subframe) described in section 2.1, SRS only transmission should avoid blocking PUSCH or SRS+PUSCH transmission and vice versa, by using coordinated CCA mechanism as shown in figure 2. In this case, how to design such CCA mechanism should be further discussed considering both Cat.4 and non-Cat.4 based LBT procedure. 
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Figure 2. SRS only transmission in the case of coordinated CCA
Proposal 2: If UL CCA is well-designed so that SRS without PUSCH does not cause blocking PUSCH or SRS+PUSCH transmission and vice versa, SRS without PUSCH can be supported. 
3. SRS configuration 

In legacy LTE system, UE could transmit both periodic SRS and aperiodic SRS. For periodic SRS, the parameter setting for SRS transmission is configured via high layer. UE transmit the configured SRS periodically. For aperiodic SRS, one or four SRS parameter sets are indicated via high layer. UE could transmit the aperiodic SRS triggered by 1/2 bit field in DCI.
There are some issues on periodic SRS transmission in unlicensed carrier. Firstly, there would be no fixed subframe for UL transmission. So it is probable that most of the periodic SRS occasions could not be used due to DL transmission/reception or LBT busy. Secondly, for the efficient use of unlicensed spectrum, SRS transmission in unlicensed carrier should be performed only when necessary. In short, periodic SRS transmission would not be supported.    
On the other hand, aperiodic SRS transmission can be supported and existing triggering mechanism can be largely reused. For partial UL subframe transmission, it is possible to consider SRS transmitted just before PUSCH subframe as proposed in section 2.1, where PUSCH and the SRS can be triggered via the same DCI. For full UL subframe transmission, it is possible to consider that SRS can be sent on either last symbol of previous subframe or last symbol of scheduled subframe or both.
Proposal 3: Aperiodic SRS transmission can be supported and periodic SRS transmission would not be supported.   

Furthermore, the dropping rules when SRS collide with other UL channels as well as the power scaling approach with other UL transmission can be based on the existing rule as baseline. 
Proposal 4: Existing rules for SRS dropping and power scaling can be considered as baseline.  

4. SRS enhancement 

For the SRS transmission in unlicensed carrier, we should take care of the transmission bandwidth and power density regulation [4] as well as for PUSCH transmission structure [3]. One of the implementation approaches to comply with such the regulatory limitation is only configuring wideband SRS for UEs. However, by using this approach, accuracy of channel quality estimation based on SRS could not be ensured for some of cell edge UEs. Therefore, similar to PUSCH design, enhancement on SRS bandwidth expansion with sufficient power density for coverage based on new comb design and/or multi-cluster transmission should be considered. 

Proposal 5: SRS enhancement to achieve bandwidth expansion with sufficient power density for coverage based on new comb design and/or multi-cluster transmission should be considered. 
5. Conclusion 

In this contribution, we discussed the SRS transmission structure as well as the SRS configuration. We made the following proposals. 
Proposal 1: SRS transmission on symbol just before PUSCH subframe can be considered.  
Proposal 2: If UL CCA is well-designed so that SRS without PUSCH does not cause blocking PUSCH or SRS+PUSCH transmission and vice versa, SRS without PUSCH can be supported. 
Proposal 3: Aperiodic SRS transmission can be supported and periodic SRS transmission would not be supported.   

Proposal 4: Existing rules for SRS dropping and power scaling can be considered as baseline.  
Proposal 5: SRS enhancement to achieve bandwidth expansion with sufficient power density for coverage based on new comb design and/or multi-cluster transmission should be considered. 
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