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1
Introduction

This document discusses the justifications and objectives of the new Study Item on “Further enhancements of small cell higher layer aspects” which was approved at RAN#66 in RP-142283 [1].
2
Discussion

2.1
On Justification

2.1.1
On the term “dense”
The first paragraph already introduces the main topic of the study item: “dense” small cell deployment discussions:
The deployment of small cells is an essential way to improve the system capacity. Some dense small cell deployment scenarios have been discussed in SCE (Small Cell Enhancement) physical layer SI/WI in Rel-12. Both ideal and non-ideal backhaul are possible for small cells deployment in a Macro eNB coverage area.
In TR 36.872 [2], 4 or 10 small cells per macro have been assumed per macro cell area.

It shall also be noted that other studies on HetNet performance enhancements have taken a similar stand on the interpretation of “dense” scenarios. For example, in the Release 11 Mobility Enhancements in Heterogeneous Networks study, led by RAN2 and focussing on mobility enhancements in dense HetNet deployments, a  maximum of 6 pico cells per macro was considered, see TR 36.839 [3].

Observation 1 We expect that the interpretation of the term “dense” will be key when considering possible further enhancements.
2.1.2
On increasing numbers of S1 interfaces

The next item in the justification section talks about increasing numbers of S1 interfaces:
In case of non-ideal backhaul, increasing the number of eNBs to support more UEs will increase the number of S1 interfaces.
Outdoor deployment scenarios, as documented in TRs 36.842 [4] and 36.872 [2], would not foresee more than 4-10 pico cells underneath a macro eNB. 
Also for indoor deployment scenarios these figures may hold (see Annex A.1.4 in 36.872 [2], the “dense” indoor scenario #2b 1 to 2 floors with up to 4 small cells per floor was looked at).
We assume that this justification argues in favour of the introduction of intermediate signalling proxies, in the same way as it was done for home node deployments. However, we wouldn’t see similarities between home and small cell deployments, firstly, because small cells are supposed to be operator deployed (i.e. no need to hide e.g. unexpected on-off-switching from EPC), secondly, because the number of small cells are expected to be way lower than privately deployed home nodes. 

Moreover, the sole number of S1 connections does not represent a challenge if it is considered that MMEs can be pooled and that S1 load can be evenly distributed amongst a potentially high number of MME platforms.

Proposal 1 We propose to only take small cell deployment scenarios outlined in the TRs 36.872 [2] and TR 36.839 [3] into account (4 to 10 small cells per macro cell area).

Proposal 2 Do not regard the topic of increased number of S1 interfaces as being sufficiently justified and therefore disregard it for further work.
2.1.3
Increased signalling load due to frequent HOs

2.1.3.1
Small Cell deployments with overlaying macro cell 
The next paragraph talks about findings from TR 36.842 [4] on increased signalling load due to frequent HOs:
At first, the Rel-12 SCE high layer study item (see TR 36.842 sub-clause 5), describes increased signalling load (e.g., to CN) due to frequent handover. The UE specific signalling load issue may become worse if the deployment of small cell eNBs is dense. 
The approach of split-bearer specified for dual connectivity can reduce the signalling load, but it doesn’t apply to legacy UEs or single connectivity UEs. However, an eNB supporting dual connectivity already supports signalling aggregation functions towards the core network for dual connectivity UE.
When looking at TR 36.842 [4] , reference 9 R2-131233 [5], which was mainly captured in section 5.1.3, it was shown that with a heterogeneous deployment of 10 small cells per macro cell:
<<<<< TR 36.842 [4] section 5.1.3 - quotation start >>>>>

-
The increase in the number of handovers compared to a macro only network is 120 % - 140 %, depending on the UE speed.
…
-
The amount of signalling due to handover is increased over the radio interface and E-UTRAN including toward the CN as the number of small cells is increased.

-
How much dominant the handover signalling load to the CN is to the total signalling load in the E-UTRAN depends on the RRC inactivity timer. If the network releases RRC connection by setting the RRC inactivity timer to be shorter, the share of handover signalling to the CN can be reduced to be small as compared to connection setup up signalling. The longer timer results in the opposite way. The optimum RRC inactivity timer depends on the mobility rate and the traffic characteristics.

<<<<< TR 36.842 [4] section 5.1.3 - quotation end >>>>>

When looking at Table 5.1.3-1 and 5.1.3.-2 in TR 36.842 [4]  (basically containing material from reference 9 [5]) one can see that e.g. at 3 cell changes per minute, the number of S1 messages related to mobility is only 10% of the S1 signaling related to connection setup, if RRC release timer is 5s. 
For RRC release timer = 10s, the corresponding figure is 20%. So the 120-140% increase in mobility signaling captured in TR 36.842 [4] would need to be interpreted relative to the S1 signalling related to connection setup.
Note also that evan a 10s release timer may look like a rather short configuration value, but actually this is a carefully chosen value to achieve a tradeoff between keeping inactive UEs in RRC connected state (and consuming RAN resources and accepting the higher likelihood of mobility signaling) or put them quickly to idle which increases state transition related signalling. It is indeed a commonly applied strategy in networks to not keep inactive UEs in RRC_CONNECTED for too long.
Another aspect is related to mobility strategies applied to UEs with medium to higher speeds:
We would regard schemes which foresee to keep such UEs connected to small cells as highly unrealistic and we shouldn’t carry out studies under such assumptions. 
In R2-131233 [5] it was observed that there is only a limited potential to minimise signalling to the CN, and we still think that this statement is valid.

It should be noted that the small cells’ density assumed in 36.842 [4] was also assumed in 36.839 [3], where simulations were run in order to identify enhancements explicitly targeting dense HetNets.
Observation 2 Studies captured in TR 36.842 [4] have already shown that with proper network configuration vast increase of C-plane signalling can be avoided.

2.1.3.1
Small Cell deployments without overlaying macro cell 
TR 36.842 [4] also contains results from what was called “Scenario #3”, see chapter 5.3.2.

It was shown that the number of mobility events is about 4 times higher than that of a macro only network.
This was the result of an analysis performed in R2-132038 [6], which shows for scenario #1 only a slightly lower increase when compared with scenario #3 (3.5 for #1 as compared to 4.0 for #3). We would therefore expect similar C-plane signalling load figures for #3 as discussed for scenario #1 in the previous section.
And indeed, it can be expected, that the number of mobility events would be fairly the same in case of deployments with overlaying macro, if the UE more or less exclusively utilises small cell resources (see the related caveat on mobility strategies above). And even the overall amount of signalling within the network (S1/X2/RRC) would be similar. What will be different is the amount of S1 signalling, if you compare e.g. a non-DC schemes with DC schemes, especially with the use of the split bearer option.
Observation 3 With the results from TR 36.842 [4], we conclude that even for scenario #3 there is no signalling load issue.

We would also doubt whether a scenario #3 deployment should be really investigated as a reasonable scenario, as we would expect an operator to deploy a macro cell if e.g. higher UE mobility can be expected. 
Indeed TR 36.839 [3] proves that if UEs moving at relatively high speed are kept on a small cell frequency layer (namely are forced to handover to small cells) the rate of radio link failures increases. Therefore, in cases of UEs in high mobility without a macro cell coverage the system would be subject to much worse performance issues. For this reason it is believed that a pure scenario #3 deployment is probably a very special case with reduced mobility, e.g. indoor, campus and alike, with rather atypical mobility statistics. We would doubt whether there is any value in analysing this scenario in terms of mobility signalling load.

Observation 4 Deployment of scenario #3 is likely to be done in very special deployments which would differ in terms of expected mobility quite significantly.

2.1.4
On non-UE associated signalling

The last paragraph in a way continues on topic 1) which we discussed above:
Secondly, each eNB needs a S1 interface to a MME, Non-UE associated signalling (e.g., paging etc) may increase in case of dense deployment of eNBs.  From the Core Network perspective, the MME may need to increase the paging capacity of the network in order to not impact paging performance for mobile-terminated normal user traffic, e.g. mobile-terminated VoLTE. 

Apart from paging, we wouldn’t see any issue with the numbers of S1 interfaces to be expected in case of small cell deployments. The overhead for the pure handling of the additional SCTP associations and their management is negligible.

For paging, we would expect that solutions exists already today where the EPC may apply more advanced paging schemes to restrict the area of the first paging attempt, which would already greatly reduce the overall paging load.

Note:
Proposal 2 could be repeated at this place.

2.2
On Objectives

The objectives follow the ground prepared by the justification section and concentrate on the issue of increased signalling load:

The objective of this study is to identify potential enhancements for support of dense small cell deployment.

The study shall be conducted on the following aspect:
-
Identify and evaluate the potential issues related to  the increased signalling load in case of dense small cells deployment and if issues are identified, study potential solutions (RAN3) 
The study on the handling of increased signalling load due to frequent handover within Rel-12 Small Cell Enhancement-High layer SI (captured in TR36.842) can be a reference for this study.  
The dense deployment scenarios discussed in SCE physical layer SI/WI in Rel-12(captured in TR36.872) can be a reference for this study. 

For each potential feasible enhancement, the complexity and specification impact should be assessed.
We see that most of the studies have been already conducted during the Rel-12 Study on Small Cell Enhancements – Higher layer aspects.
Proposal 3 As most of the studies have been already performed during Rel-12 and captured in TR 36.842 [4], we propose to seriously discuss whether the new Rel-13 study would have any items to work on.

3
Conclusion
In this contribution we have looked at the justification and objectives of the new Study on Further enhancements of small cell higher layer aspects taking into account findings from Rel-11 and Rel-12 work. The following was observed.
Observation 1
We expect that the interpretation of the term “dense” will be key when considering possible further enhancements.
Observation 2
Studies captured in TR 36.842 [4] have already shown that with proper network configuration vast increase of C-plane signalling can be avoided.
Observation 3
With the results from TR 36.842 [4], we conclude that even for scenario #3 there is no signalling load issue.
Observation 4
Deployment of scenario #3 is likely to be done in very special deployments which would differ in terms of expected mobility quite significantly.


The following is proposed:
Proposal 1
We propose to only take small cell deployment scenarios outlined in the TRs 36.872 [2] and TR 36.839 [3] into account (4 to 10 small cells per macro cell area).
Proposal 2
Do not regard the topic of increased number of S1 interfaces as being sufficiently justified and therefore disregard it for further work.
Proposal 3
As most of the studies have been already performed during Rel-12 and captured in TR 36.842 [4], we propose to seriously discuss whether the new Rel-13 study would have any items to work on.
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