3GPP TSG RAN WG1 Meeting #82bis
                                               
R1-155398
Malmö, Sweden, 5th - 9th October 2015
______________________________________________________________________ Agenda item: 7.2.4.2.2
Source: LG Electronics

Title: Further details on SRS capacity improvement schemes
Document for: Discussion and Decision
1. Introduction

In RAN1#82 meeting, the following agreement and working assumption are made on the enhancement of SRS to increase the capacity:
Agreement:

· Specify at least the following SRS capacity enhancements in Rel-13: 
· Increase the number of UpPTS SC-FDMA symbols for SRS

Working Assumption:

· Increase number of combs to 4

· FFS: Max number of CS 

Other enhancement techniques that have been studied in the SI or submitted at RAN1#82 can also be discussed at RAN1#82bis.
In this contribution, we discuss the methods for SRS capacity enhancements including more numbers of UpPTS SC-FDMA symbols for SRS.
2. Discussion on SRS enhancements
· Increasing the number of UpPTS SC-FDMA symbols utilized for SRS transmission
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Fig.1. Received timing of UE being scheduled on DwPTS when enhanced SRS is transmitted
There are some discussions on the increasing number of UpPTS SC-FDMA symbols for SRS in RAN1#82 meeting. In the current LTE specification, special subframe of TDD system consists of the three fields of DwPTS, GP and UpPTS. DwPTS is used for allocating downlink transmission, and UpPTS is used for uplink transmission. GP can be regarded as the gap to handle the propagation delays for the UEs to be scheduled on DwPTS and UpPTS. 

In order to check the impact of the interference between DwPTS and new SRS when adopting increased number of UpPTS for SRS, we depict the received timing of DwPTS and UpPTS. In this figure, special subframe configuration 7 in [1] is considered, where {10, 2, 2} SC-FDMA symbols are in DwPTS, GP and UpPTS. UE1 is scheduled on DwPTS, and UE2 transmits the enhanced SRS transmitted on a new UpPTS location. In the figure, we depict the received timing of only UE1, since UE2 has uplink transmission, not having interference issue. 

In the figure, if both of UE1 and UE2 are positioned at the center of a cell, UE1 received DwPTS with a little propagation delay. Enhanced SRS is transmitted with a little timing advance by UE2, and it arrived at the UE1 with some timing delay. Considering it, it can be easily checked in figure 1 that DwPTS would not be interfered with enhanced SRS. However, when two edge UEs are scheduled on DwPTS and UpPTS, respectively, and these UEs are in proximity, enhanced SRS transmitted by UE2 can interrupt UE1 to receive DwPTS. It is because UE1 would receive DwPTS with a large timing delay, and UE2 transmits enhanced SRS with large timing advance which is soon arrived at UE1 due to the proximity. 

Maybe, such a problem can take place in the following scenarios.

1) UE1 and UE2 are at the edge of a cell, and they are in proximity. 

2) UE1 in a cell and UE2 in the neighboring cell are edge of each cell, and they are in proximity.

3) UE1 and UE2 are at the edge of a cell, and they are the same UE.
To address the problem, we can consider the following three approaches:

A. Method 1: Approach with restrictions on the scheduling

Looking into the figure 1, it is a problematic case that both of UE1 and UE2 are edge UEs. To solve the case, it can be possible that eNB do not schedule edge UE on the DwPTS, when the edge UE transmits enhanced SRS on the GP. However, considering neighboring cell as described in scenario 2), it may be difficult for the eNB to recognize whether the scheduled UEs in the neighboring cell for the enhanced SRS are edge UEs without additive cooperation between cells. Therefore, it may be desirable for center UEs to be scheduled on the DwPTS, regardless of whether UEs transmit enhanced SRS on the UpPTS. 

Similarly, another way is to permit only center UEs to transmit enhanced SRS on the UpPTS to avoid the interference between DwPTS and UpPTS. 

The above mentioned approach may have one problem depending on special subframe configuration. If the special subframe with GP having one symbol length, e.g. special subframe configuration 8, is configured, and one symbol on the GP is used for an enhanced SRS, there does not exist any longer GP to be used for propagation delay. Then, even though UE1 and UE2 are at the center of a serving cell, enhanced SRS transmitted on a new UpPTS can sometimes interfere with UE1 that received DwPTS. Thus, to use method 1, it may be needed not to permit enhanced SRS in special subframes with GP having just one symbol. 

Although method 1 can be a simple solution with marginal specification efforts, the demerit of the strong restriction on the scheduling may not be ignored.

B. Method 2: Approach with decreasing the number of SC-FDMA symbols in DwPTS

Another approach is to reduce the number of SC-FDMA symbols in DwPTS. For the approach, legacy UEs are reconfigured by SIB to another special subframe configuration with less number of SC-FDMA symbols of DwPTS. For enhanced UEs, the special subframe with larger UpPTS than legacy UEs and same length of DwPTS of legacy UEs can be configured. Then, although enhanced SRS is transmitted, since GP is larger than before, the interference between DwPTS and UpPTS can be avoided. For that approach, new special subframe configurations may need to be defined for only enhanced UEs.

Compared to method 1, method 2 has advantage not to have a restriction on scheduling. However, there is a problem that the resource on the DwPTS is always wasted by one symbol per one special subframe. 

C. Method 3: Approach with compromise between methods 1 and 2.
Method 1 has strong restrictions on the scheduling, and method 2 suffers from the waste of one symbol in DwPTS. For the compromise between methods 1 and 2, we can consider that only enhanced UEs are reconfigured with special subframes having less number of symbols of DwPTS. Still, eNB has scheduling restriction about legacy UEs like method 1, but, it can schedule enhanced UEs regardless of UEs’ position. Also, while method 3 still has the problem of one symbol waste for the enhanced UEs similar to method 2, there is not such a problem for the legacy UEs.
· Triggering enhanced SRS on the UpPTS
In the following, we discuss how to trigger enhanced SRS on the UpPTS when adopting it. In the current specification, [image: image2.wmf]SRS
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 in Table 1 indicates which subframes or symbols of UpPTS are used to transmit SRS. Since there are not uplink resources on subframes 0 and 5 in any uplink-downlink configurations in the TDD system, these numbers can indicate one more symbol in each UpPTS, as shown in Table 1. If allowing the third symbol in UpPTS to be used for SRS, we need to indicate the resource by using just 10 numbers of [image: image3.wmf]SRS
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In some uplink-downlink configurations, 10 numbers of [image: image4.wmf]SRS
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 are not necessary to indicate subframe or UpPTS symbol. For example, in uplink-downlink configuration 1, there are 4 uplink subframes and maximum 4 symbols in two of UpPTS. After indicating 8 resources, two numbers of [image: image5.wmf]SRS
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remain. Maybe, those remaining numbers can be utililzed to indicate the third symbol in UpPTS. This mapping rule between [image: image6.wmf]SRS
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 and subframe (or symbol) has to be different depending on uplink-downlink configuration. 

Another approach for triggering the third symbol on the UpPTS for SRS transmission is UE-specific way. In table 1, the UpPTS symbol indicated by [image: image7.wmf]SRS
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= 1 can be differently interpreted depending on UEs. For example, UEs are differently configured with one of three combinations of {1, 2}, {2, 3}, {1, 3} UpPTS symbols, which are to be indicated by [image: image9.wmf]SRS
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Table 1 : Configuration of special subframe for enhanced UE (lengths of DwPTS/GP/UpPTS)
	
	subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	
	1st symbol of UpPTS
	2nd symbol of UpPTS
	
	
	
	
	1st symbol of UpPTS
	2nd symbol of UpPTS
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 in case UpPTS length of 2 symbols
	
	0
	1
	2
	3
	4
	
	5
	6
	7
	8
	9
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 in case UpPTS length of 1 symbol
	
	1
	
	2
	3
	4
	
	6
	
	7
	8
	9


· Increasing the number of SRS combs or CS

Increasing the number of SRS combs or CS can also increase SRS resources. However, more number of SRS combs or CS can degrade the estimation performance of SRS, depending on delay spread [2][3]. In addition, increasing number of SRS combs may be sensitive to the frequency selective channel [4]. Therefore, those issues are required to be thoroughly investigated.

· 4Tx antenna switching for SRS transmission
For UE having 4 antennas with one power amplifier, downlink channel estimation is a difficult problem, since it cannot transmit SRS via four antennas at the same time. To address it, 4Tx antenna switching in the SRS transmission is discussed in this SI. However, this approach has an aging problem of channel estimation. Assuming N is defined as the multiplication of SRS periodicity and the SRS transmission numbers required to transmit targeted bands for one antenna, we need 4 times of N transmission time for all the antennas to cover the band. Sometimes, the required time can exceeds coherence time of channel. The issue needs to be carefully investigated before supporting 4Tx antenna switching.
· VCID for SRS sequences

One alternative approach for SRS enhancements is to configure virtual cell-ID for SRS sequence generations. In the current specification, only serving cell-ID is available to generate SRS sequences. If allowing VCID used for SRS sequence generation, more opportunity of additional SRS transmissions can be obtained at the expense of orthogonality between sequences. Note that downlink DMRS also allows VCID for its sequence to afford more DMRS resources in code domain. Thus, this alternative approach may be a plausible solution for SRS capacity enhancement with less specification efforts.

3. Conclusion
In this contribution, we discussed the methods for SRS capacity enhancements including more number of UpPTS SC-FDMA symbols for SRS.
______________________________________________________________________
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