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1. Introduction

In the RAN #82 meeting, increase the number of UpPTS SC-FDMA symbols for SRS for SRS capacity improvement was agreed, which is captured in the Chairman’s Notes[1]:
· Specify at least the following SRS capacity enhancements in Rel-13:
· Increase the number of UpPTS SC-FDMA symbols for SRS
In this contribution, we provide our views of how to transmit SRS in extended UpPTS regions. 
2. Increase the number of UpPTS SC-FDMA symbols for SRS

In this section, we provide possible options for SRS capacity enhancement with increased UpPTS symbols for SRS transmission.

2.1. Extended UpPTS symbol allocation in time domain 
We consider two options for allocating additional SC-FDMA symbols in UpPTS to transmit SRS for Rel.13 UE. eNB can allocate extended UpPTS symbols to Rel. 13 UE with either non-orthogonal to legacy allocation or orthogonal to legacy allocation. Depending on a selected allocation method, 
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 in Table 8.2-3 in 3GPP TS 36.213 should be modified or newly designed. In this contribution, we assume up to two symbols are extended in UpPTS for SRS transmission.
Alternative -1: Non-orthogonal to legacy allocation 

: To inform SRS transmitted symbol to UE, combination of SRS subframe configuration of subframe index table 8.2-3 in 3GPP TS 36.213 has been used in the legacy system. If the number of UpPTS symbols for SRS transmission is increased, new subframe index definition for supporting more symbols is necessary. In other words, subframe index within the frame increases according to the number of UpPTS SC-FDMA symbols as shown in Table 1. By using this table, a Rel. 13 UE can detect UE-dedicated SRS subframe. 
Table 1.  
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 for TDD with alternative-1. 
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Alternative - 2: Orthogonal to legacy allocation 
eNB can allocate extended UpPTS to Rel. 13 orthogonal to legacy allocation. Fig 1 shows the orthogonal operation between legacy and extended UpPTS. In Fig.1, a legacy UE can only transmit SRS on legacy UpPTS region. By the way, a Rel. 13 UE can transmit SRS on both extended UpPTS region and legacy UpPTS region, but each region has different srs-configuration. Besides, time-domain OCC for improving reliability of channel estimation performance can be easily adopted in extended UpPTS region. 
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Figure 1.  Orthogonal operation between legacy region and extended region 
As we can see in Fig. 1, in order to allocate extended UpPTS orthogonal to legacy UpPTS, we need to design a new parameter to indicate SRS subframe in extended UpPTS region. For example, we represent the legacy and new table with 
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 and 
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 in Table 2, respectively. 
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 should be newly defined for SRS transmission on extended region in UpPTS. By using 
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 in Table 2, when a legacy UE can only detect SRS subframe on legacy, a Rel. 13 UE can detect different two SRS subframe set on both extended UpPTS region and legacy UpPTS region by using 
[image: image9.wmf]SRS

k

 and 
[image: image10.wmf]13

SRS

kr

 respectively. What the major difference between alternative-1 and alternative-2 is that a Rel. 13 UE should need to get different two srs-configurations for SRS transmission from eNB. Thus, it can detect two different UE-dedicated SRS subframes which have different periodicity and hopping pattern corresponding to 
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Table 2.  
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 and 
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 for TDD with alternative-2. 
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2.2. Support of aperiodic and periodic SRS operations for the extended UpPTS
In current specification, there are two types of SRS transmission, periodic and aperiodic SRS transmission. With alternative-1 and alternative-2 we mentioned above, two types of SRS transmission can be also applied. In this section, we briefly describe which type of SRS transmission would be more desirable in the extended UpPTS region. 
2.2.1. Periodic SRS transmission : Trigger type 0 

Alternative -1: Non orthogonal to legacy allocation
: In alternative-1, both UE-dedicated periodicity and its hopping pattern of SRS transmission can be detected by using Table 1. While legacy UE detects SRS subframe with 
[image: image17.wmf]SRS

k

 has from 0 to 9, Rel. 13 UE detects SRS subframe with 
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 having from 0 to 11 or 13. In other words, 
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 in table 8.2-3 in 3GPP TS 36.213 becomes to have different values according to legacy UE or Rel. 13 UE as shown in Table 1. Due to the difference of subframe numbers between legacy UE and Rel. 13 UE, collision of hopping pattern between them may occur. The Fig. 2 shows an example of collision of hopping pattern between legacy UE and Rel. 13 UE. In Fig. 2, three UEs transmit periodic SRS with their own periodicity and srs-bandwidth assigned. Here, UE 1, UE 2, and UE 3 respectively correspond to the Rel. 13 UE and the two legacy UEs. If one symbol extended UpPTS is configured for UE 1, UE1 treats the added symbols as subframe on which it can transmit SRS. The periodicity of hopping pattern of UE 1 becomes different from the one of legacy since hopping pattern of UE1 can be used across extended and legacy SC-FDMA symbols. Thus, hopping pattern of UE 1 can be collided with legacy hopping pattern of UE 2 or UE 3 as shown with red marked in Fig.2. To avoid collision of hopping patterns between a legacy UE and a Rel. 13 UE, restricted scheduling at eNB may be required. Also, it seems complicated to support time-domain OCC because OCC can’t be applied in the legacy region. 
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Figure 2.  Collision of hopping pattern between legacy UE and Rel. 13 UE 
Alternative - 2: Orthogonal operation 

: In alternative-2, eNB uses extended UpPTS region orthogonal to legacy UpPTS region. It is straightforward to use extended UpPTS region for SRS transmission for Rel. 13 UE with reusing the legacy hopping pattern within the newly extended SC-FDMA symbols by using 
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 which is defined in Table 2. It also can easily support time-domain OCC with a simple on/off configuration and OCC allocation compared to alternative-1. 
Proposal 1: Support periodic SRS transmission with orthogonal operation to legacy SRS transmission Rel. 13
2.2.2. Aperiodic SRS transmission : Trigger type 1 

Aperiodic SRS transmission was defined from Rel. 10. Aperiodic SRS is configured by RRC message but triggered by SRS request in DCI formats 0/4/1A (for both TDD and FDD) and DCI formats 2B/2C for TDD. Before triggering aperiodic SRS transmission using DCI formats except DCI format 4, a single set of parameters need to be configured by RRC. For triggering aperiodic SRS by DCI formats except DCI format 4, 1-bit SRS request is used. For triggering aperiodic SRS using DCI format 4, three sets of parameters are to be configured by RRC and 2-bits SRS request filed to indicate which of three configured parameters set to be used. A UE configured for aperiodic SRS transmission upon detection of a positive SRS request in subframe #n shall commence SRS transmission in the first subframe satisfying n+k, k≥4 and based on the aperiodic SRS time domain configuration denoted in Table 8.2-5 in 3GPP TS 36.213. 
In this aspect, aperiodic SRS transmission can be easily supported in the extended UpPTS. If eNB configures all extended UpPTS to UE for aperiodic SRS transmission, UE can transmit aperiodic SRS at any symbols according to detect SRS request in DCI format whenever eNB wants to get UE’s channel state. Thus, in case of small number of extended symbols in UpPTS might be used, operating aperiodic SRS transmission seems to be more flexible than periodic SRS transmission. 
Proposal 2: Support aperiodic SRS transmission in Rel. 13
In order to support SRS in extended UpPTS, some existing configuration parameters may need to be re-defined, and also some new parameters may need to be introduced. 

The parameters to be re-defined include:

· srs-configuration index: to detect SRS subframe according to 
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 which has values greater than 9.
New parameters include:

· A parameter indicates the number of additional UpPTS symbols;

· A parameter for supporting time-domain OCC, e.g., time-domain OCC on/off signaling parameter and time-domain OCC index;

· A new srs-configuration index parameter to support alternative-2; and

· A new parameter indicating SRS region(s) for Rel. 13 UE.
SRS transmission resource can be configured according to the following three cases:
· Case 1 : A UE is configured to transmit SRS within legacy SRS region only.

· Case 2 : A UE is configured to transmit SRS across legacy and extended SRS region.

· Case 3 : A UE is configured to transmits SRS within the extended SRS region only.
For supporting aperiodic SRS transmission, we can consider two options. 
In the first option, a Rel. 13 UE can be configured with either Case 1 or Case 3, but not both. In other words, UE is not expected to be configured with both resources. In this case, no additional specification supports are necessary. However, scheduling restriction is imposed for the eNB operation. 
In the second option, a Rel. 13 UE can be configured to support all three cases. In this case, SRS triggering in the relevant DCI format(s) may need to be re-designed to indicate a resource to use in each subframe need to be designed. 
Proposal 3: Introduce DCI/RRC signalling to support aperiodic SRS transmission in extended UpPTS.
3. Discussion and Conclusion

In this contribution, we give our views on increase the number of UpPTS SC-FDMA symbols for SRS and we have the following proposals. 
Proposal 1: Support periodic SRS transmission with orthogonal operation to legacy SRS transmission Rel. 13
Proposal 2: Support aperiodic SRS transmission in Rel. 13.
Proposal 3:Introduce DCI/RRC signalling to support aperiodic SRS transmission in extended UpPTS.
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