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1. Introduction

In previous RAN1 meeting, #58bis in Shenzhen, several kinds of feedback scheme for CoMP was discussed. In that discussion, SRS transmission was one of them. However, original SRS transmission seems to be not so enough for CoMP that there was some consideration about enhanced SRS for CoMP[1]. Enhanced SRS scheme which discriminate time/frequency/code resource between cells in cooperating set could prevent CoMP UE’s SRS from the interference of another UEs’ SRS in the other cell within cooperating CoMP set. In this way, however, non-CoMP UEs in the same cell with CoMP UE could have degradation on its own performance due to not sufficient SRS. In this contribution, we studied that there could be expectable problems and evaluated possible solution and showed some simulation results.
2. Enhanced SRS schemes
A. Considerable scenario
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Fig 1 Time division enhanced SRS

   Fig 2 Frequency division enhanced SRS
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Fig 3 Code division enhanced SRS

 Fig 4 Combination division enhanced SRS
There could be several scenarios on enhanced SRS scheme. Basically, time-division, frequency-division, code-division and combination of these three are possible. Among these schemes, time-division scheme is easy to consider because, it could be implemented in easy way according to Rel-8 SRS specification without too much modification. The reason is that, in Rel-8 SRS transmission, there is a cell-specific parameters to control the period of SRS and UE could send SRS to eNB according to the given parameters. That means eNB could control the period of SRS transmission and a serving eNB which sends control information to the given UE could select proper cell-specific parameter after signaling between the other eNBs in cooperating CoMP set. And that means UEs in the serving cell ,regardless of whether the UE is in CoMP procedure or not, should follow the policy according to the parameters which the serving cell selected.
3. Problematic point of view of enhanced SRS transmission for CoMP
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Fig5. Example of Enhanced SRS transmission for CoMP
Fig.5 shows example of enhanced SRS transmission for CoMP system. UE1 is the terminal which takes a cooperating process for CoMP and sends enhanced SRS to each eNBs in cooperating CoMP set. And Cell A is a serving cell for UE1. In addition, each cell in above figure 5 could have its own SRS transmission policy in some aspect and every UE within each cell should send SRS in accordance with each cell’s policy which is determined by some cell-specific parameters.
As you can see above figure, each cell’s SRS transmission policy is shown by discriminated color, which is yellow for cell A, red for cell B and green for cell C. In this point of view, UE1, UE2 and UE3 belonging to Cell A are following the same SRS transmission policy and UE4 belonging to Cell B is following the SRS transmission policy with some UEs in the same Cell B and UE5 is the same as well.
For enhanced SRS transmission, Cell A which is serving cell for UE1(CoMP user) can determine some cell-specific parameters after signaling between cell B and cell C for figuring out a proper SRS transmission policy to decrease interference from another UE’s SRS in another cell excluding serving cell. Thereafter, every UE in the cell A follows the determined SRS policy. In this point, UE1 who is CoMP user could get performance gain from above enhanced SRS scheme which decrease interference from other user’s SRS in cooperating CoMP set who share the same resource. However, another UE in cell A which is serving cell and is not a CoMP UE could have degradation on its own performance due to the SRS scheme because the cell A’s SRS transmission policy is targeting on CoMP UE1 and then another UE such as UE2 and UE3 couldn’t help following the given policy even if the UE could have chance to lift up their SRS transmission in terms of resources which SRS could use. For instance, UE2 and UE3 could have more chance to transmit SRS frequently or with using broader frequency or code resources.
4. Grouped SRS scheme

[image: image6]
Fig6. Example of Grouped SRS transmission for CoMP

Fig.6 shows example of grouped SRS transmission for CoMP system. UE1 is the terminal which takes a cooperating process for CoMP and transmits SRS to each eNBs in cooperating CoMP set. And Cell A is a serving cell for UE1. However, main different point from above figure 5 is that normal UE not including in CoMP operation and CoMP UE are separated in terms of SRS transmission period or offset. Namely, normal UEs in each cell follow their own SRS transmission policy which each cell determines and CoMP UEs in cooperating cells could have different policy which the serving cell determine according to grouped SRS transmission scheme which has different SRS transmission period or offset.
As you can see above figure, each cell’s SRS transmission policy is shown by discriminated color and SRS transmission policy of CoMP UE is shown as well, which is yellow for cell A, red for cell B, green for cell C and blue for CoMP UEs. In this point of view, UE2 and UE3 belonging to Cell A are following the SRS transmission policy from the cell A and UE4 belonging to Cell B is following the SRS transmission policy from the Cell B and UE5 is the same as well.
In this scheme, SRS from CoMP UE does not interfered by the other UE’s SRS in the cooperating cell because the SRS transmission policy is discriminated from the SRS transmission of normal UE in each cooperating cells. Moreover, SRS transmission from normal UE is not supposed to be affected by CoMP UE any more, compared with enhanced SRS scheme in figure 5. That is, SRS policy for normal UE could be selected by purpose on getting higher performance and SRS policy for CoMP UE could be selected by purpose on protecting the SRS of CoMP UE from the SRS which another UEs transmit in each cooperating cell.
5. Simulation results
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    Fig. 7 Normal user capacity according to  
   Fig. 8 Normal user capacity according to 
    coherent time in Enhanced SRS scheme

    coherent time in Grouped SRS scheme
Figure 7 shows available number of UEs in each cooperating cell in enhanced SRS scheme. In the enhanced SRS scheme, the period of SRS transmission could not have more than 3 times SRS per one radio frame because maximum number of SRS transmission per one radio frame is 10 according to Rel.8 and we should discriminate 2 cooperating cell in our simulation case from the serving cell on time resource. Therefore, 3 times SRS transmission per one radio frame is possible in each cell without interference each other. In this point of view, enhanced SRS scheme could not seem to support UEs moving faster than 60km/h as above.
However, as you can see in figure 8, in case of grouped SRS scheme, it seems to be possible that supporting UEs moving faster than 60km/h when using 8 times SRS transmission per one radio frame. In grouped SRS transmission scheme, normal UE and CoMP UE could have different SRS transmission policy and if CoMP UE have a policy transmitting SRS just one time per one radio frame then normal UEs could have a policy transmitting SRS maximally 8 or 9 times per one radio frame. In addition, these normal UE don’t need to care about interference from another UE because each cell including the serving cell doesn’t need to receive SRS from normal UE in the other cell. 
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Fig. 9 Channel Estimation Error 


Fig. 10 Channel Estimation Error 


    for Enhanced SRS scheme


  for Grouped SRS scheme
Figure 9 and 10 shows channel estimation error in case of using enhanced SRS scheme and grouped SRS scheme which this contribution suggest. As you can see in that figure above, normal UE less than 3km/h is available in both the enhanced SRS scheme and grouped SRS scheme because the error ratio is under 20%. However, for case more than 15km/h, enhanced SRS scheme seem to be hard to support reasonable number of UE. That is, these simulation result shows that grouped SRS scheme could have more number of available user in higher mobility
6. Conclusion
In this contribution, we investigated expectable problematic points when enhanced SRS scheme is applied for CoMP in LTE-A. Enhanced SRS scheme which discriminate time/frequency/code resource between cells in cooperating set could prevent CoMP UE’s SRS from the interference of another UEs’ SRS in the other cell within cooperating CoMP set. In this way, however, UEs in the same cell with CoMP UE could have degradation on SRS performance. Therefore, we suggested grouped SRS scheme which discriminate normal UE and CoMP UE in terms of using resource, specially, in time resource.
And our simulation result shows that grouped SRS scheme could have more number of available normal UEs in higher mobility with still protecting CoMP UE from the other UEs. Therefore, it is recommended that RAN1 carefully consider how to separate these two kinds of group in terms of transmitting SRS, or more groups if necessary.
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