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1 Introduction

The WID [1] states the goal for the performance phase and explicitly mentions that NAICS should not provide performance losses compared to the LMMSE-IRC legacy receiver. In [2] we discuss the test scope. One of the key point of NAICS feature is the fallback capability of the UE. In [3] we discuss the fallback capability under unfavourable conditions. In this paper we discuss the fallback capability under inaccurate signalling. Section 2 discusses the effect of non ideal backhaul and Section 3 discusses the potential introduction of resource allocation granularity related signalling and how its inaccurate signalling would affect the performance.
2 Non ideal Backhaul         
RAN 4 received an LS from RAN 3 in [3] on resource allocation granularity related signalling. One aspect which was acknowledged by RAN 3 in their LS [4] is that “signalling of the NAICS assistance information is subject to backhaul delay, which is implementation dependent”. The TR 36.866 [5] indicates bakhaul delays in the range 2-50ms as assumption for RAN 1 analysis, acknowledging even further that those delays are always present and that should be carefully taken into account when defining the details of a specific feature to make sure that the feature will work in realistic network. Furthermore, a non-ideal backhaul performance analysis was carried out by RAN plenary in TR36.932, [6]; the backhaul delays (one way) could be up to 60ms. 
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


From contributions [7, 8] it is deduced that typical delay is 20-30ms. To that numbers we should also add the time it takes to RRC signal all the new NAICS parameters to all the UEs. Depending on load and quality of service of ongoing transmission this will take different time. If quality of service indicates that it is more important to get the packet through than update the parameter, the BS has to do a large MCS backoff during that time to make sure that the packet can be decoded by the UE. 
Observation 1: Considering the above, it seems clear that the presence of delays can not be ignored.
When the signaled parameters are changed, there is a transitory period of several subframes during which, because of delay, the signaling provided to the UE is not accurate. This will lead to high performance degradation which would break the WID task. In addition the X2 interface is not error free, and in principle the signaling exchanged there can be subject to errors which would lead to erroneous information to the UE.

Hence it is important to make sure that even in cases when the signaled information does not correspond to the actual value of the parameter used by the NC the performance is not lower than the one obtained with LMMSE-IRC.  Several parameters have been agreed so far to be introduced as signalling:
-CRS APs

-MBSFN subframe configuration

-Cell ID 

-PA

-PB

-List of TMs supported by the transmission point

In general most of the parameters can vary and they are subject to delays due to non ideal backhaul, and hence it would be beneficial to introduce tests which guarantee the UE robustness in case the signalling associated to those parameters is not accurate.

Observation 2: Since most of the parameters included in NAICS signalling can vary and they are subject to delays due to non ideal backhaul, it is beneficial to introduce tests which guarantee the UE robustness in case the signalling associated to those parameters is not accurate.
Among the parameters listed above the TM used by the network and the PA values are the parameters which can vary more frequently.

If we consider for example TM, the neighbour cell signals “some or all transmission modes: 1, 2, 3, 4, 6, 8, 9, 10, as defined in TS 36.213”. The network can decide whether to signal a subset of TMs supported in order to facilitate the UE blind detection or to signal the entire set of TMs supported by the transmission node. In case the network decides to signal a subset of TMs, this signalling may need to be updated and hence it would be subject to potential delays which might lead to erroneous information and consequent performance degradations. The network has always the possibility to set this parameter to the worst case, i.e. to signal the entire set of possible supported TM to avoid erroneous information in case of delay. In order for the network to be able to use this signaling and restrict the set of TMs to facilitate the UE blind detection there should be the guarantee that the UE has a fallback capability which is capable of handling non accurate signalling. If this is not defined, it means that the typical case for TM set would correspond to the worst case when the network signals TM={1-4,6,8-10}. In that case the usefulness of the signaling is questionable. 
Observation 3: In order for the network to be able to signal a subset of TMs there should be the guarantee that the UE has a fallback capability which is capable of handling non accurate signalling. If this is not defined, it means that the typical case for TM set would correspond to the worst case, i.e. TM={1-4,6,8-10}. In that case the usefulness of the signaling is questionable.
If we consider PA value, the wrong case assumption is when the set is made of 3 values. PA value is used to change the downlink power allocation on a UE specific basis. Several companies mentioned in the past that PA value rarely changes. However, the use of PA so far has been left for implementation; hence there might be some implementations which use PA value more or less dynamically. If restrictions on the PA variability are introduced in NAICS feature, this would be detrimental especially for certain dynamic implementations. 
Observation 3: PA is a parameter which is left for implementation, it does not seem appropriate to include restrictions on the way it is used in the network.

For example in the past RAN 3 discussed the use of PA while discussing eICIC feature and in particular the Cell Range Expansion topic (CRE). The use of PA to optimize the load balancing could  lead to a dynamic changing of its value.

PA parameter is included in “PDSCH-ConfigDedicated” IE in RRC which is part of “RadioResourceConfigDedicated” IE which is the radio configuration signalled per UE.

This can be included in the following RRC messages:

· RadioResourceConfigDedicated
· RRCConnectionReestablishment
· RRCConnectionSetup
This means that PA parameter can be updated with the same frequency as the radio configuration could be changed, whitout any specific limitation in TS 36.331. It is acknowledged that the reconfiguration might not happen on a subframe basis, however this could be for example updated on a few tens of radio frame basis or even less if necessary.
The network has hence the possibility to change the specific PA value and consequenctly the set could change as well. In this case the network does not have a “fallback signllaing” as for TM, i.e. it can not signal the whole PA set in order to avoid erroneous information in case of e.g. delay, and hence the UE should be capable of handling potential inaccurate sets. This requires the UE to have a fallback mode which guarantee no performance loss wrt legacy rel-11 LMMSE-IRC receiver. 
Observation 4: For PA values, the  network can not signal the whole PA set in order to avoid erroneous information in case of e.g. delay, and hence the UE should be capable of handling potential inaccurate sets.

In order to guarantee that the UE has proper fallback capability when the signalling is not accurate a test which include mismatch between signalling and actual value of the parameter used in the NC would be beneficial. Before deciding whether a test is needed, RAN 4 needs to analyze the impact of wrong  signalled parameters on the PDSCH throughput performance for both SLIC and R-ML receivers.
Proposal 1: RAN 4 should analyze the effect of inaccurate signaling on PDSCH throughput performance for both SLIC and R-ML before concluding whether a fallback test is needed or not e.g. for PA value. 

2.1 Resource allocation granularity 
In the last meeting RAN 1 and RAN 3 discussed the resource allocation granularity and the potential introduction of an additional signalling to the set already defined which indicates whether the resource allocation granularity is 1,..,4 (PRB-pair). However no agreement was made on whether to introduce this additional parameter to the set of signalling. 
The resource allocation granularity is UE specific can change frequently depending on the traffic and on which kind of data the UE needs to receive. It is under discussion whether to include RB granularity as signaling or not. It was already shown that BD is feasible when a single PRB-pair is allocated to the UE; moreover when the UE can assume that the PDSCH allocation spans more than 1 PRB-pair the gain in performance is not large. Some companies mentioned that the introduction of this signaling is justified by the gain in complexity. However no analysis has been provided to quantify the potential gains in complexity, so this remains doubtful. Furthermore it is not clear what happens if, because of backhaul delays, the parameter is not accurate, especially considering the RAN 3 LS in [4] which indicates that messages exchanged on the X2 interface will experience non negligible delays. In general the network can use efficiently this signaling only if it is guaranteed that this will not bring performance loss.  If this signaling has to be defined then the UE behavior in case the information is not accurate needs to be clear, i.e. the performance should always be better or equal than the IRC receiver.

Observation 5: the network can use efficiently the resource allocation granularity signaling only if it is guaranteed that this will not bring performance loss.  If this signaling has to be defined then the UE behavior in case the information is not accurate needs to be clear, i.e. the performance should always be better or equal than the IRC receiver.

Again we think that it is important for RAN 4 to do an accurate analysis of the effect of inaccurate signaling on PDSCH performance.

In order to progress the work we think that there are two possible options:

Option 1. Do not define the signaling to indicate whether larger granularity can be considered. In this case only 1 PRB-pair will be considered in all the tests. In this case there is no need to consider additional tests to guarantee the UE behavior in case of inaccurate value.

Option 2. Introduce the signaling to indicate when larger granularity can be considered, but to make sure that the network can fully use this signaling, RAN 4 shall analyse the effect of inaccurate signaling.  If performance degradation is shown a test will be introduced to verify that when the signaled value is not accurate there is never performance loss compared to IRC reeiver. 
In the following we provide an initial analysis for SLIC. The same analysis should be provided for R-ML as well.

As an example we consider here the following case:
Modified phase 1 test (see [9]), DTX=40%, MCS [14,variable, variable], where the MCS of the interferer has 50% probability to be MCS 5 and 25% to be either MCS 14 and MCS 25 , Rank 1=80% and rank 2=20%, TM=[4,4,4], CRS APs=[2,2,2], 5-25% geometry level,  I1/No@80%tile, The eNodeB signals that 4PRB-pairs are used for scheduling.
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Figure 3. Degradation of the performance when inaccurate resource allocation signalling is provided, TM4, modified phase 1.
The figure shows the performance of a genie blind detection, the IRC receiver and the performance obtained when the UE does not have a fallback capability. The figures show that in case of erroneous information about the resource allocation the throughput degradation is such that the performance is lower than the legacy Rel-11 LMMSE-IRC.
Proposal 2: Decision should be taken among 2 options.

· 
Option 1. Do not define the signaling to indicate whether larger granularity can be considered. In this case only 1 PRB-pair will be considered in all the tests. In this case there is no need to consider additional tests to guarantee the UE behavior in case of inaccurate value.

· Liaise back to RAN 3 to indicate that the resource allocation granularity signaling is not needed

· 
Option 2. Introduce the signaling to indicate when larger granularity can be considered, but to make sure that the network can fully use this signaling, RAN 4 shall analyse the effect of inaccurate signaling.  If performance degradation is shown a test will be introduced to verify that when the signaled value is not accurate there is never performance loss compared to IRC reeiver. 

· Confirm to RAN 3 that the signalling can be introduced.

· Study several scenarios to understand the effect of inaccurate signalling for both SLIC and R-ML.
The preferred option is OPTION 1. A draft LS to RAN 3 to indicate that the signalling is not needed is proposed in [10].
3 Conclusions

In this paper we have discussed the effect of non ideal backhaul and the UE fallback capability. The following observations and proposals have been made:

Observation 1: The presence of delays because of non ideal backhaul can not be ignored.
Observation 2: Since most of the parameters included in NAICS signalling can vary and they are subject to delays due to non ideal backhaul, it is beneficial to introduce tests which guarantee the UE robustness even in case the signalling associated to those parameters is not accurate.
Observation 3: In order for the network to be able to signal a subset of TMs there should be the guarantee that the UE has a fallback capability which is capable of handling non accurate signalling. If this is not defined, it means that the typical case for TM set would correspond to the worst, i.e. TM={1-4,6,8-10}. In that case the usefulness of the signaling is questionable.
Observation 3: PA is a parameter which is left for implementation, it does not seem appropriate to include restrictions on the way it is used in the network.
Observation 4: For PA values, the  network can not signal the whole PA set in order to avoid erroneous information in case of e.g. delay, and hence the UE should be capable of handling potential inaccurate sets.
Proposal 1: RAN 4 should analyze the effect of inaccurate signaling on PDSCH throughput performance for both SLIC and R-ML before concluding whether a fallback test is needed or not, e.g. for PA.
Observation 5: the network can use efficiently the resource allocation granularity signaling only if it is guaranteed that this will not bring performance loss.  If this signaling has to be defined then the UE behavior in case the information is not accurate needs to be clear, i.e. the performance should always be better or equal than the IRC receiver.
Proposal 2: Decision should be taken among 2 options.

· 
Option 1. Do not define the signaling to indicate whether larger granularity can be considered. In this case only 1 PRB-pair will be considered in all the tests. In this case there is no need to consider additional tests to guarantee the UE behavior in case of inaccurate value.

· Liaise back to RAN 3 to indicate that the resource allocation granularity signaling is not needed

· 
Option 2. Introduce the signaling to indicate when larger granularity can be considered, but to make sure that the network can fully use this signaling, RAN 4 shall analyse the effect of inaccurate signaling.  If performance degradation is shown a test will be introduced to verify that when the signaled value is not accurate there is never performance loss compared to IRC reeiver. 

· Confirm to RAN 3 that the signalling can be introduced.

· Study several scenarios to understand the effect of inaccurate signalling for both SLIC and R-ML.

Performance degradation is clearly shown through one example.
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