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1
Introduction

In the previous RAN4#74bis meeting, the UE behavior when TM10 is configured in the serving cell while the network assistance is configured from the set of TM1-9 was discussed, however no final decision was drawn. 
In [5] we have described several NAICS use cases when TM10 is configured in the network. In addition, other companies, including operators [6], have been expressing the interest in having RAN4 performance test cases when TM10 is configured in the serving cell. In this contribution we detail further the NAICS use cases when TM10 is configured in the network.
2
Differences and similarities between TM10 and other TMs 
Differences between TM10 and legacy TMs:
1. Interference estimation is enhanced by the introduction of CSI-IM resource (IMR).
2. Two quasi co-location types for the reference symbols transmitted in the serving cell are possible by making use of the higher layer parameter QCL-Operation. 
a. QCL type A in which the UE assumes that the CRS, CSI-RS and DMRS ports are co-located.

b. QCL type B in which the UE assumes that CSI-RS and DM-RS are quasi co-located. Such operation is related to single cell ID scenarios where also virtual cell IDs are needed for DMRS scrambling.
3. In single cell ID scenarios, the DMRS with virtual cell IDs are configured. 

4. Multiple CSI processes are being possible to be configured, for the same UE.

Observation:

1. Main differences between TM10 and other TMs are:

· Interference estimation 

· Single cell ID scenario operation

· Multiple CSI processes possibilities

Similarities between TM10 and TM9

Following the above discussion, we note that in some configurations the interference structure of TM10 resembles TM9. Indeed, in scenarios configured with PCID, TM10 is operating with QCL type A while virtual cell ID is not needed.

Observation:

2. In PCID scenarios, TM10 interference has the same structure as TM9.
3
Use cases for TM10 in NAICS
As mentioned in a previous contribution [5], there are TM10 use cases where QCL type A is utilized and hence no QCL signalling is needed to the UE. In the following we list several TM10 use case which rely on QCL type A:
Current TM10 with QCL type A utilization (Release 12)

· One CSI process with TM10 may be configured by the network for enhanced interference estimation. Such operation covers multi-antenna DL transmission of up to 8 layers, hence the most advanced MIMO operation is based on TM10. This is applicable to both SU and MU-MIMO while TM10 with multiple CSI processes could be configured to facilitate the SU/MU dynamic switching.

· Dynamic point muting (CoMP) relying on QCL type A.
· eIMTA is utilizing TM10 with multiple CSI processes.

Future TM10 with QCL type A utilization (Release 13 and beyond)

· FD-MIMO is discussing the utilization of TM10 with multiple CSI processes.

· TM10 could be utilized in LAA and enhanced CA.

Observations:

3. TM10 with QCL type A has numerous use cases including:

· TM10 configured in the serving cell when interference is natively TM1-9.

· TM10 configured in the serving and interfering cell when interference resembles TM9.

· TM9 configured in the serving cell and TM10 configured in the interfering cell when the interference resembles TM9. 

In below figure we illustrate several UE configuration options which we describe next.
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Figure 1: TM10 use cases with NAICS

The current signalling mechanism is such that network assistance is provided to the NAICS UEs for up to 8 cells, based on the reported RSRP. In the above figure we have depicted the indicated cells by the NAICS UE as 2, 3 or 4 (the little circles spanning in different cells, note that 3 sectors are per eNB/hexagon). Each cell is serving its UEs with various TMs, which in these examples are TM10 or non-TM10. Note that at the time when UE indicates RSRP, it does not know the configured TMs of the interfering cells. In this example we have a CoMP coordination area, a single cell TM10 eNB and regular non-TM10 cells. 

Let us consider the following UE examples:

UE1: served in TM10, indicates (RSRP based) interfering cells configured with both TM10 (adjacent sector) and non-TM10. Note the PCID TM10 configuration in its serving cell ( TM10/x/x test cases needed, otherwise there is no NAICS operation (where by x we understand other TMs which the network might use and are NAICS-allowed).
UE2: served in TM9 (or other non-TM10 for example), indicates interfering cells configured with TM10 and non-TM10. As the TM10 interference is based on PCID, then TM10 interference structure resembles TM9 and NAICS can be used ( TMx/9/9 test case needed. In this case the TM10 reported by the CoMP eNBs will be further parsed as TM9 in the NW assistance information.

UE3: served in non TM10, indicates interfering cells configured in non TM10, typical NAICS case. However, even this case may be compromised if TM10 existence in the network is assumed, like for example if eNB2 is aware of CoMP cluster existence.

UE4: served in TM10, indicates interfering cells configured in both TM10 and non-TM10. Naturally if it reports interferers from CoMP cluster it means it is configured in a PCID scenario (QCL type A), otherwise it would not report TM10 interference from same CoMP cluster ( TM 10/9/9 test case needed. 

UE5: served in TM10, reports TM10 configured interferers. As configured with PCID, TM10/9/9 test is needed with TM10 not signaled in the interfering NW assistance set.

Observations:
4. Large portions of the network would not use NAICS if TM10 exists in the network and in some implementations it may happen that NAICS is not used at all!

· All the cells which are neighbour of the CoMP cluster are quite likely not going to use NAICS and the impact is rather broad (exponential with respect to the CoMP cluster size).

4
TM10 existence in the network and implications in NAICS
RAN1 has endorsed the signalling of implemented TMs in the network. This might have different interpretations when it comes to the signalling of this set of TMs as assistance information. Let us consider below the signalling from the perspective of NAICS serving cell. To facilitate the discussion, we understand in the following the NAICS operation area as being comprised of up to 8 cells for which network assistance is provided.

1. Actively used TMs. This operation implies the frequent update of active TMs in NAICS operation area. By this we understand that only active TMs are signalled as network assistance, more specifically the TMs of UEs in RRC_CONNECTED mode. For example there may be situations when in the NAICS operation area, only one or two TMs are active, while these may be dynamically changing. The consequence of such operation is that TM signalling becomes a rather dynamic parameter with respect to the initial signalling intention. Such operation is not supported. 
2. Actively used TMs in a NAICS operation area. This operation implies the slower updates of TMs in NAICS operation area. As in some sense the NAICS operation area is UE specific, that is network assistance is configured for each UE with respect to the reported RSRP indicating dominant interfering cells, the updates would be made less dynamic. The number of signalled TMs is expected to be larger than what is signalled in the previous configuration. Each NAICS UE is expected to indicate different number if cells for which network assistance needs to be provided. Such operation may be supported by the network.
3. Implemented TMs. This operation is understood as a static information of the NAICS UEs on the implemented TMs existing in the network. This operation involves little if any amount of inter-eNB TM signalling information. Such operation may be supported by the network.

Considering that the signalling of implemented TMs is a viable implementation solution (option 3 above), we foresee some problems when TM10 is going to be utilized in the network. More specifically, as TM10 is part of a previous release it is highly probable that it will be utilized in the network by the time NAICS is going to become a practical feature. Hence the simple TM10 existence in the network, according to the RAN1 agreement, would block the utilization of NAICS. There are several solutions to this problem, somehow also complementing each other:
A.  Configure TM9 in the network assistance information when TM10 is used in the network and the interference structure resembles the characteristics of TM9. However, as TM10 is utilizing multiple CSI processes, this implies that the TM10/9/9 test needs to be introduced in order to verify the NAICS UE behaviour. Such operation would cover the cases of single cell TM10 deployments as well as would facilitate the CoMP and NAICS operation when CoMP is based on PCID scenarios. 

B.  Rely on the option 2 type of network signalling described above. Such operation would need tighter inter-eNB signaling of utilized TMs. For example if a NAICS UE is in a vicinity of a CoMP cluster, depending on the type of the CoMP scenario (that is based on single cell ID scenario or PCID scenario), the NAICS UE feature might be needed to be turned ON or OFF. If the test in point A above is implemented, the network has more flexibility and NAICS has an increased applicability as CoMP with PCID configuration may fall back under the configuration of TMx/9/9.

Based on the above discussion, we see value in the existence of both TM9/9/9 test as well as of TM10/9/9.
Proposal:

1. Consider TM10 as part of the NAICS tests by introducing the test TM10/9/9 with NW assistance set {TM2, TM3, TM4, TM8 and TM9}.
5
Conclusions

In this contribution we have been presenting views with respect to TM10 utilization in NAICS test cases. The following observations and proposals can be summarized.
Observations:
1. Main differences between TM10 and other TMs are:

· Interference estimation 

· Single cell ID scenario operation

· Multiple CSI processes possibilities

2. In PCID scenarios, TM10 interference has the same structure as TM9

3. TM10 with QCL type A has numerous use cases including:

· TM10 configured in the serving cell when interference is natively TM1-9.

· TM10 configured in the serving and interfering cell when interference resembles TM9.

· TM9 configured in the serving cell and TM10 configured in the interfering cell when the interference resembles TM9. 

Proposals: 

1. Consider TM10 as part of the NAICS tests by introducing the test TM10/9/9 with NW assistance set {TM2, TM3, TM4, TM8 and TM9}.
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