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1   Introduction
Two groups of solutions are listed in the latest version of TR 03.024, including Macro based solutions (Solution 1a, 1a1, 1b, 1c, 1d and 1e) and Pico based solutions (Solution 2a, 2b) to solve the UL interference issue.
	Macro based solutions (two steps solution)

Step1: Identification of the interfering MUEs
· Solution 1a.
OI from Pico to Macro + historical scheduling information in Macro

· Solution 1a1.
OI from Pico to Macro + static scheduling of MUE 

· Solution 1b.
MUE & Pico location 

· Solution 1c.
MUE sending a random access preamble to be detected by the non-serving Pico 

· Solution 1d.
Uplink channel sounding (i.e. SRS measurements) of MUE detected by non-serving Pico eNB
· Solution 1e.
Uplink MUE DMRS sounding detected by non-serving Pico eNB
Step2: Interference mitigation mechanism for Solution 1a, 1b, 1c, 1d and 1e

	Pico based solutions (one step solution)
Solution 2a.
Pico (re)scheduling the interfered PUEs to other resources (same carrier or different carriers)

Solution 2b.
Reuse existing power control mechanisms at Pico


In this contribution, we elaborate the Pros and Cons of these two groups of solutions, and propose to choose Pico based solution as the way forward of UL interference issue in macro-pico environment.
2   Discussion
2.1   Synchronization/Processing load issue for solution 1d and 1e

The main concept of this solution 1d is to detect the MUE’s SRS signaling by Pico. There are two possible ways to implement this concept, including:

(1) Macro and Pico are not synchronized
In order to be detected by Pico, the MUE needs to be synchronized with Pico in UL, to make sure the SRS can arrive to Pico inside of receiving window. It means the MUE should perform Random Access Procedure to Pico, and adjust Timing Advance (TA) to Pico. But after that, the MUE will not be synchronized with Macro anymore, the UL signaling of this MUE will be interfered with other MUEs, it will not be received correctly by the Macro. However, the UL interference scenario assumes the MUE cannot detect the DL signaling sent by the Pico, it is not known how to perform the RAP based on current mechanism.
If the MUE does not perform RAP to Pico, the Pico will need to detect MUE’s SRS in all the resources. And due to the group hopping and sequence hopping for SRS sequence, the UE’s SRS resource is changed from time to time. There will be a huge processing load in Pico to search all the possibilities, because the Pico has to move its UL receiving window once and once again to detect the signaling.
(2) Macro and Pico are synchronized (sync level FFS)

If the MUE keeps synchronized with Pico, (i.e. MUE performs RAP to Pico and uses the UL TA to Pico to signal the SRS), the SRS will be detected by Pico inside of the normal receiving window, and Macro can still receive the MUE’s signaling correctly. However, the UL interference scenario assumes the MUE cannot detect the DL signaling sent by the Pico, it is not known how to perform the RAP based on current mechanism. 
If the MUE keeps synchronized with the Macro by using the TA configured by Macro, the UL synchronization between the MUE and Pico is not automatically achieved. The MUE’s UL transmission will arrive at Macro inside of the UL receiving window of Macro. But the MUE may be closer to the Pico and farther from Macro. Then the MUE’s UL transmission will arrive at the Pico before the starting point of the UL receiving window. It is FFS how to correctly decode by Pico. 
The Solution 1e has the same issue above, and further the Pico may not able to detect the DMRS in some scenarios. For example, if the X2 latency is larger than the dynamic scheduling latency, the Pico may receive the DMRS information after the MUE scheduling.

Conclusion1: Whether synchronization is needed and the sync level for solution1d and 1e should be further discussed. Solution1d and 1e may not workable in non-synchronized networks, or lead to huge processing load which may not acceptable.

Conclusion2: In synchronized deployment, the MUE may be closer to the Pico and farther from Macro. Then the MUE’s UL transmission will arrive at Pico before the start point of the UL receiving window. It is FFS how to correctly decode it by Pico.
2.2   Latency issue for Group1 solutions 

According to the comparison of the solutions, it could be easily understood that all the Macro based solutions have longer latency than the Pico based solutions. For example, in solutions1c, 1d, and 1e, it may be needed to select candidates UEs first, perform an identification procedure, and then reschedule the interfering MUEs. 
After identification of the interfering MUEs in such a period, perhaps the interfered PUEs have already been moved to other resources where the strong UL interference does not occur. Alternatively, the interfering MUEs could have already been scheduled to other resources which have low interference sensitivity at other nodes, or the service of the PUEs/MUEs have already completed (e.g. the solution1b may need multiple seconds to get the location). That means the effort to identify the interfering MUEs in group1may not be helpful for the interference mitigation.
Conclusion 3: The long latency of Macro based solution will reduce the efficiency of interference mitigation, which is not preferred.
2.3   System gain after rescheduling of Group1 comparing with Group2
Nowadays, the number of users with smart phones is increasing rapidly. Picos are deployed mainly for offloading the traffic from Macros. Hence we should not assume that the Picos will typically have only one carrier. Actually in this Work Item, we are discussing how to select the carriers of the Pico. This means the Pico does not only support one carrier, or the assumption that the Pico supports multiple carriers could be the norm, at least in the near future.
In Macro based solutions, the Macro will reschedule the interfering MUEs to other resources. While in Pico Based solutions, the Pico will reschedule the interfered PUEs to other resources. These two solutions are quite similar from this rescheduling point of view. There was nothing to show whether the system gain of Macro Based solution is better than the Pico solution. Also the Macro cannot guarantee whether the MUE will still introduce UL interference in the new resources. The Macro based solutions spend lots of efforts to identify the interfering MUEs, but may have the same system gain as the Pico solution.

Conclusion 4: The Macro based solutions spend lots of efforts to identify the interfering MUEs, but there was nothing to show whether they have more gain than Pico based solutions. 
The analyses above shows that the Macro based solution will lead to longer latency, which will reduce the efficiency of interference mitigation; lead to larger Processing Load and Standard Effort; and may not be workable in non-synchronized network. Furthermore, there was nothing to show whether the system gain of Macro Based solution is better than the Pico solution. Hence we propose:

Proposal: Select Pico Based solution as the way forward of UL interference issue in macro-pico environment.
3   Proposals
In this contribution, we analyses the Macro Based solutions and Pico based solutions, and the analyses shows:

Conclusion1: Whether synchronization is needed and the sync level for solution1d and 1e should be further discussed. Solution1d and 1e may not workable in non-synchronized networks, or lead to huge processing load which may not acceptable.

Conclusion2: In synchronized deployment, the MUE may be closer to the Pico and farther from Macro. Then the MUE’s UL transmission will arrive at Pico before the start point of the UL receiving window. It is FFS how to correctly decode it by Pico.
Conclusion 3: The long latency of Macro based solution will reduce the efficiency of interference mitigation, which is not preferred.

Conclusion 4: The Macro based solutions spend lots of efforts to identify the interfering MUEs, but there was nothing to show whether they have more gain than Pico based solutions. 
Hence we propose:

Proposal: Select Pico Based solution as the way forward of UL interference issue in macro-pico environment.
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