3GPP TSG-RAN3 Meeting #85bis
R3-142438
Shanghai, China, 06-10 October, 2014
Agenda Item:
16
Source:
Ericsson
Title:
Discussion on NAICS assistance information signalling 
Document for:
Discussions & Approval

1
Introduction

In [1] RAN3 received an LS from RAN1 detailing progress on Network Assisted Interference Cancellation (NAICS) and listing the following parameters as relevant with regards to neighbour cells configuration:
For neighboring cells,

· Cell ID

· Maximum number of interfering cells for higher-layer signalling is 8

· PB
· CRS ports, i.e. 1, 2, or 4

· MBSFN pattern

· Restricted subset of PA
· Maximum number of PA values in the restricted subset is 3

· PA values in the restricted subset are configured by the network and the values are selected from 10 values, which are {-12, -9, -6, -4.77, -3, -1.77, 0, 1, 2, 3} dB in which {-12, -9} dB are applied only for QPSK

· This subset restriction applies to 16QAM and 64QAM as well as QPSK PDSCH transmissions

· Transmission mode

· To represent supported TMs, i.e., TM1, TM2 (a “fallback” mode), TM3, TM4, TM6, TM8, TM9, TM10

· Resource allocation and precoding granularity is configured by the network from {1, 2, 3, 4} PRB pairs

RAN1 asked RAN3 to take their conclusion into consideration. 

It was pointed out during discussions at RAN3#85 that some of the parameters listed above are already signalled by means of X2 messages. Such parameters are CRS ports and MBSFN pattern per Cell ID. Therefore, the discussion in RAN3 should focus on the remaining parameters and the evaluation should be whether it is useful and needed to signal such parameters over X2.
In [2] a proposal to introduce parameters PB, PA, Transmission Mode and Resource Allocation and Precoding Granularity as part of the LOAD INFORMATION message was presented. 

In this paper an analysis of the parameters indicated by RAN1 for NAICS assistance information is carried out and conclusions are drawn on whether such parameters need to be signalled over the X2 interface.
2
Analysis of NAICS Assistance Information
The parameters proposed to be signalled over X2 for NAICS assistance should be analysed in order to determine whether they are likely to change frequently, whether they are essential to NAICS procedures and whether X2 signalling is the best way to eventually convey them.
A list of such parameters and an initial analysis is provided below:

· PB: This parameter is relative to the RS power configuration in a cell. It represents the power offset between PDSCH channel in the symbols with reference signal and PDSCH channel in the symbols without reference signal. PB is a rather static parameter. It is cell specific and it is broadcast in SIB2. It can be safely assumed that PB does not change dynamically.
· PA: This parameter represents a UE specific power offset and it consists of the power offset between the Reference Signal and PDSCH channel in the symbols without reference signal. PA is signalled at RRCConnectionSetup and the reason for this is that this parameter may change rather dynamically on a per UE basis.

· Transmission Mode: This parameter is configured via RRC signalling on a per UE basis and is relative to configuration of multi-antenna transmission schemes depending on e.g. UE radio conditions. This parameter may change very dynamically and it may span across multiple values per UE. The use of different transmission modes in a cell depends on support for each mode by both eNB and served UEs.
· Resource allocation and precoding: This parameter is also associated to multi antenna transmission. It is UE and radio condition specific, therefore it may also change rather dynamically.

It can be seen from the descriptions above that it would be questionable whether parameter PB requires signalling over X2, especially if such signalling is performed as suggested in [2], i.e. by means of the LOAD INFORMAITON message. Indeed such parameters could either be configured by OAM on a per neighbour cell basis or at least be signalled over X2 less frequently by making it optional.

Proposal 1: Parameter PB is semi static and could be either configured by OAM or made optional over X2 signalling to prevent signalling of unchanged values.
Parameter PA is an important parameter indicating the power offset used by served UEs for the PDSCH. It is the author’s understanding that this parameter would be needed at victim eNB in order to configure victim UEs appropriately with NAICS assistance information that allow detection of interfering PDSCH.  
Proposal 2: Parameter PA is set per UE and changes dynamically. This parameter is considered to be useful for NAICS assistance information configuration therefore it is proposed to signal this parameter over X2, e.g. via a LOAD INFORMATION message.
With regards to Transmission Mode and Resource Allocation, it should be noted that RAN4 agreed to the LS in [3], where the following is stated:
· Transmission mode / Transmission scheme
· RAN4 found benefit in complexity and performance if HL subset signaling is provided without any scheduling constraints on the TMs/TSs used in the network. Some companies found that TM/TS could be detected without signaling.
The above can be interpreted as saying that signalling to the UEs of TMs/TSs should be done without constraints on the timing at which the information is signalled (i.e. without scheduling constraints). Indeed, it is stated that for some companies signalling of such parameters is not needed at all. 
The above makes us conclude that a UE would anyhow need to be able to perform blind detection of TM/TS because it is not possible to rely on timely signalling of such parameters every time they change. Hence, it is questionable whether signalling of such parameters can bring any simplification to UE complexity, given that the UE cannot count on timely updates of such information via higher layer (HL) signalling.  Therefore, one way forward is that Transmission Modes may be omitted from the X2 signalling. 

Alternatively, the full list of TMs supported by the eNB may be signalled. The latter would avoid potential situations of frequent signalling due to frequent changes in the TMs used for served UEs, which cannot be confirmed to bring any benefit due to the delayed signalling as explained above. By knowing the list of TMs supported by a neighbor eNB, a serving eNB may at least restrict UEs configuration to the range of TMs supported by its neighbor.
Proposal 3: Transmission Mode cannot be assumed to be signalled as soon as changes of such parameters occur. It is therefore proposed to not signal these parameters over X2 or at least to signal fixed values representing a superset of all possible values, namely all TMs supported by the eNB
Similarly  [3] states the following:
· RAN4 found benefit in complexity and performance if a larger interferer parameters granularity in frequency (resource allocation and precoding granularity) can be signaled to UE without any impact on scheduling in the network.
The above indicates that a larger granularity for the resource allocation and precoding can have complexity and link level performance benefits, but only if this can be signalled without constraining the scheduling. In other words, only if one could assume that the resource allocation granularity used for aggressor UEs is stable and its signalling is reliable (i.e. there are no cases in which the configuration signalled to victim UEs is different from the one used by the aggressor UEs) such benefits may be exploited. Nevertheless, the amount of benefit is not indicated, nor it is indicated that 1 PRB granularity is less feasible than a greater granularity. 
Additionally, the above states that signalling of such parameter to the UE should have no impact on scheduling, i.e. there should not be a requirement to signal the information immediately when the parameter changes but signalling could be made only when it does not impact scheduling. 
It is the author understanding that the case where a UE is signaled larger resource allocation granularity than what is actually used by aggressor UEs, the impact on interference suppression  performance can be quite substantial. 

Therefore, the above makes us conclude that a UE needs anyhow to assume a minimum resource allocation (i.e. 1 PRB pair) when detecting the PRBs interfering with PDSCH because it is not possible to rely on timely signalling of such parameters every time they change. Besides, it would be beneficial for maximal scheduler efficiency to signal a low granularity value (e.g. value “1”), namely leaving it up to the UE to detect the exact Resource Allocation used by interferers.  Furthermore, the network can signal any granularity from 1 to 4, and so the UE complexity must be dimensioned according to the worst case granularity. Hence, it is questionable whether signalling of such parameters can bring any simplification to UE complexity or realisable performance benefit, given that the UE cannot count on timely updates of such information via signalling and given that this information is not supposed to have high granularity.
Proposal 4: Resource Allocation cannot be assumed to be signalled as soon as changes of such parameters occur. A UE needs to support the lowest granularity of 1, which is always a correct configuration. It is therefore proposed to not signal this parameter over X2 and assume 1 PRB pair granularity
3
Further Aspects of NAICS Assistance Information
3.1
Timeliness of NAIC Information

It has to be considered that the X2 backhaul does not have a defined performance. A study on non-ideal backhaul performance carried out in [4] revealed the data in Table 1:
Table 1: Categorization of non-ideal backhaul.
	Backhaul Technology
	Latency (One way)
	Throughput
	Priority (1 is the highest)

	Fiber Access 1
	10-30ms 
	10M-10Gbps
	1

	Fiber Access 2
	5-10ms
	100-1000Mbps
	2

	Fiber Access 3
	2-5ms
	50M-10Gbps
	1

	DSL Access
	15-60ms
	10-100 Mbps
	1

	Cable 
	25-35ms
	10-100 Mbps
	2

	Wireless Backhaul
	5-35ms 
	10Mbps – 100Mbps typical, maybe up to Gbps range
	1


It can be seen from Table 1 that X2 backhauls may reach considerable delays. When evaluating the delay with which NAICS assistance information may be signalled to victim UEs, the backhaul delay should be considered together with possible delay jitter and possible delay due to scheduling. Therefore, it should not be assumed that NAICS assistance information can be signalled to the victim UEs as soon as they change. Moreover, X2 messages are subject to the risk of not being received correctly or to be subject to errors at the receiving side. The latter would not be flagged to the sending eNB due to the use of the Class 2 LOAD INFORMATION procedure. The consequence would be that victim eNB and victim UEs would not receive updated information when they change. 
Conclusion1: Due to backhaul delay and jitter and due to possible message losses it cannot be assumed that NAICS assistance information is signalled to victim UEs as soon as they change
3.2
Activation/Deactivation of NAICS Information Reporting

NAICS assistance information may not always be useful/relevant. For example, if the victim eNB cell serves only UEs not supporting NAICS, there would be no point in providing NAICS assistance information from neighbour eNBs to victim eNB. The latter is very likely given the optional introduction of NAICS capabilities only from Release 12 UEs. 

Another case is the one where UEs served by the aggressor eNB are not generating harmful interference to victim eNB’s UEs. This could be the case when victim eNB’s and/or aggressor eNB’s UEs are close to a cell centre. In fact, UEs close to a cell centre would be served with relatively low power and high modulation schemes, meaning that over the air communication for those UEs would fade very rapidly. Hence, if such a condition occurs at a victim eNB and/or an aggressor eNB or both, there should be a mechanism to deactivate NAICS reporting or to state that such information are less relevant. The latter can be achieved either by specifying signalling for activation/deactivation of NAICS assistance information reporting or by including an IE (e.g. from aggressor eNB to victim eNB) stating that the information has a lesser relevance.
Proposal 5: Agree on specification of activation/deactivation of NAICS signalling 

4
Conclusions  

In this paper an analysis of NAICS parameters and whether they should be signalled over the X2 interface was presented. The following proposals and conclusions were agreed.
Proposal 1: Parameter PB is semi static and could be either configured by OAM or made optional over X2 signalling to prevent signalling of unchanged values.
Proposal 2: Parameter PA is set per UE and changes dynamically. This parameter is considered to be useful for NAICS assistance information configuration therefore it is proposed to signal this parameter over X2, e.g. via a LOAD INFORMATION message.
Proposal 3: Transmission Mode cannot be assumed to be signalled as soon as changes of such parameters occur. It is therefore proposed to not signal these parameters over X2 or at least to signal fixed values representing a superset of all possible values, namely all TMs supported by the eNB
Proposal 4: Resource Allocation cannot be assumed to be signalled as soon as changes of such parameters occur. A UE needs to support the lowest granularity of 1, which is always a correct configuration. It is therefore proposed to not signal this parameter over X2 and assume 1 PRB pair granularity
Conclusion1: Due to backhaul delay and jitter and due to possible message losses it cannot be assumed that NAICS assistance information is signalled to victim UEs as soon as they change
Proposal 5: Agree on specification of activation/deactivation of NAICS signalling 

It is proposed to agree to the proposals above and reply with an LS to RAN1, capturing the points raised. A draft LS is presented in [5]
It is also proposed to agree to the Stage 3 CR including the proposals described above [6]
4
References
[1] R3-142019, “LS for Rel-12 NAICS”

[2] R3-141964, “X2 support for Network Assisted Interference Cancellation”, MediaTek Inc.

[3] R4-143847, “LS on NAICS Parameters”
[4] 3GPP TR 36.932 V12.1.0, “Scenarios and requirements for small cell enhancements for E-UTRA and E-UTRAN,” March 2013.
[5] R3-142440, “[DRAFT] Reply LS on Rel12 NAICS”, Ericsson
[6] R3-142439, “X2 support for Network Assisted Interference Cancellation and Suppression”, Ericsson
PAGE  
1

