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1 Introduction

In the previous meeting, discussions took place on using network assisted interference suppression/cancellation [1], [2] & [3] and the following open issues were raised:

Way forward on the evaluation of network assisted IC:

· Use framework proposed in R1-131577 as basis for the evaluations

· Baseline receivers:

· Type 3i

· Pre-decoding IC receiver (expressed as a relative gain to Type 3i*)

· Consider coordination assumptions and impacts from scheduling restrictions

This contribution further discusses some of the coordination and scheduling issues in network assisted interference.

2 Discussions
Capacity gain in HetNet is achieved by offloading traffic from the macro cell to LPNs.  Cell Range Expansion (CRE) by increasing the CIO to bias handover in favour of the LPNs is one method to increase the UE offloading to LPN.  The UEs that are in the CRE region suffer from poor geometry due to strong interference from the macro cell.  These UEs’ throughput would improve if the macro cell interference is reduced.  Network assisted interference cancellation is therefore an attractive feature.
In [1], a common HS-SCCH is proposed containing decoding information on the HS-PDSCH of the interferer.  The common HS-SCCH would use a common H-RNTI which can be decoded by all UEs.  In [2], a HS-SCCH order is proposed that conveys the UE ID for the interfering HS-PDSCH.  In relation to a new network assisted control channel (NACH), the following needs to be addressed:
1. Backhaul: The interfering cell (e.g. macro) may need to pass scheduling and decoding information to the victim cell (e.g. LPN).  Currently, the only means of doing this is via the RNC which is too slow.  A new direct interface between macro and LPN might be required if such an approach is to be used.

2. Coordination: Since there are likely delays in relaying the scheduling/decoding information between the interfering cell and the victim cell, scheduling coordination is required between these two cells.

3. Decoding: As noted in [2], the NACH containing decoding information on the interfering HS-PDSCH may also face high interference in which the victim UE fails to decode it and therefore fails to perform interference cancellation or suppression.

4. Timing: Since the macro cell and the LPNs may not be time aligned, the victim UE would need to know the timing of the interfering HS-PDSCH(s) that the NACH information applies to.  

Perhaps before we attempt to address these issues, we should clarify which node sends the NACH.  If the LPN (victim cell) sends the NACH, then we have to address all of the issues above.  If only the macro (i.e. interfering cell) sends the NACH, then the backhaul, coordination and decoding issues are less significant:

· Backhaul: Since the interfering cell (i.e. macro cell) controls its own scheduling, there is no need to inform any of the victim cells (i.e. LPN).
· Coordination: If the NACH is sent by the interfering macro cell, the victim LPN cell need not be aware of the interfering macro cell’s scheduling activity.  However it may be beneficial for the victim LPN to inform the interfering macro cell whether there are any UEs in its cell that are capable of utilising NACH.  This can be performed via the RNC.

· Decoding: The UEs in the CRE region are likely to have negative geometry, where the signal from the interfering macro cell is stronger than that of the serving (victim) LPN.  Hence, these UEs are more likely to be able to decode the NACH transmitted from the interfering macro cell than that from the victim LPN.  Furthermore, these UEs are the ones that are most likely to benefit from NACH.
If the NACH is transmitted by the interfering macro, then this NACH would add to the interference contributed by the macro.  If this NACH is required at a high power to reach the victim UEs, then the UEs that do not have interference cancellation capability would suffer from this additional interference.  However, the amount of data on the NACH should be negligible compared to the data transmissions from the interfering macro cell, and therefore its contribution to the overall interference should be small. Moreover, UEs which do not have interference cancellation capability could be configured with a smaller bias so as to keep them in the macro cell for longer than UEs with interference cancellation capability. In light of these considerations, we prefer that the NACH is sent by the interfering macro.
Proposal 1: The NACH is transmitted by the interfering macro cell.

Even if the NACH is transmitted by the interfering macro cell, the timing aspect needs to be clearly defined.  One way is to explicitly indicate the subframe of the HS-PDSCH to which the NACH information is applicable.  A simpler way is to implicitly indicate the HS-PDSCH subframe by reusing the timing relationship between HS-SCCH and HS-PDSCH.  In the latter case, the HS-PDSCH would start 1 slot after the start of the NACH (i.e. the NACH is transmitted in the same slots as the HS-SCCH of the corresponding HS-PDSCH).

Proposal 2: The NACH (explicitly or implicitly) indicates the subframe of the target HS-PDSCH to which its information applies.
NACH is likely to be sent only when needed and hence the victim UEs would either need to blind detect it or be informed of its presence (and possibly its channelisation code) by the LPN.  It is of course beneficial that the victim UEs only perform blind decoding when necessary.  An easy way to achieve this is to define a configurable Ec/Io threshold where if the UE’s Ec/Io goes below this threshold, it will start decoding for NACH.
Proposal 3: The LPN can inform the victim UEs about the presence and/or channelisation code of the NACH by RRC signalling.
Proposal 4: The victim UE only monitors for NACH if its Ec/Io falls below a predefined threshold.
As noted in [3], less information is required on the NACH for interference suppression compared to that for interference cancellation.  If the NACH is transmitted from the interfering macro cell, it could therefore be beneficial that the macro cell is aware the type of interference suppression/cancellation capability of the victim UEs.

Proposal 5: The LPN can inform the macrocell about the type of interference suppression information needed by the UEs served by the LPN.
3 Conclusion

In this contribution we discuss some aspects of network assisted interference suppression/cancellation.  We propose the following:
Proposal 1: The NACH is transmitted by the interfering macro cell.
Proposal 2: The NACH (explicitly or implicitly) indicates the subframe of the target HS-PDSCH to which its information applies.
Proposal 3: The LPN can inform the victim UEs about the presence and/or channelisation code of the NACH by RRC signalling.
Proposal 4: The victim UE only monitors for NACH if its Ec/Io falls below a predefined threshold.

Proposal 5: The LPN can inform the macrocell about the type of interference suppression information needed by the UEs served by the LPN.
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