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1
Introduction

We have discussed last meeting in R3-150326 [1] that the challenge of increased S1 signalling load due to frequent HOs has been already examined and concluded during the Rel-12 study and captured in TR 36.842 [2].

Furthermore, if there would be an issue, not all deployment scenarios are expected to produce an increased signalling load due to HOs. For that reason, this document concentrates on outdoor scenarios only, namely scenarios #1 and #2a (scenarios defined in TR 36.872 [3]). The document concludes with a text proposal for the new TR 37.876 [4].
2
Discussion

TR 36.842 [2] already delivered an upper bound estimation of S1 signalling load due to HO (i.e. without the assumption of DC being deployed). 
In comparison to this setting, Figure 5.1.3-1 in TR 36.842 [2] shows the difference for the number of HOs between a macro only network and a heterogeneous network with 10 small cells per macro area, which resulted in an increase of 120%-140% depending on the UE speed.

Looking into section 5.1.3 of TR 36.842 [2], an estimation of S1 messages consumed for HO and connection setup is given in table 5.1.3-2, with varying RRC Release timer and mobility rate (cell change per minute). The results can be summarised as follows:

	RRC Release timer
	Ratio: S1 messages due to handover / 
S1 message due to connection setup

	
	Mobility Rate (cell changes per minute per UE)

	
	0.1
	0.3
	1
	3
	10

	5s
	0.003
	0.009
	0.032
	0.096
	0.323

	10s
	0.006
	0.020
	0.069
	0.203
	0.686


The simulation parameters that led to those results foresaw 10 small cells per overlaying macro. For the S1 messages due to connection setup the S1AP messages for Initial Context Setup and UE Context Release, for X2 HO path switch signaling was assumed.

Those results show that it is still valid to assume that the overall increase of S1 signalling due to more frequent HO is below the S1 signalling for connection handling, even if the RRC release timer is chosen as short as 5s. On the other hand, the likelihood for a HO increases for longer RRC release timers, but the HO signaling is still below that for connection handling.
It is also assumed that the network is able to deal with two layers of cells (the small cell layer and the macro layer) in a way that is advantageous for the overall system signaling load. The network would apply reasonable mobility strategies to UEs with medium to higher speeds which would then be preferably be severed on the macro layer. Consequently a cell change rates as high as 10 cell changes per minute would be rather unlikely and only used in cases where gain is given, e.g. in terms of offloading traffic.

We believe that the results shown in TR 36.842 [2] are already sufficient to conclude that there is still no issue with increased S1 signalling in small cell scenarios.

It is therefore proposed to capture the following text in TR 36.876 [4]:
4.x
Increased S1 signalling load due to frequent HOs:

Scenarios #1 and #2a (scenarios as defined in TR 36.872 [x]):

TR 36.842 [2] already delivered an upper bound estimation of S1 signalling load due to HO (i.e. without the assumption of DC being deployed). 
Figure 5.1.3-1 in TR 36.842 [2] shows the difference for the number of HOs between a macro only network and a heterogeneous network with 10 small cells per macro area, which resulted in an increase of 120%-140% depending on the UE speed.

Looking into section 5.1.3 of TR 36.842 [2], an estimation of S1 messages consumed for HO and connection setup is given in table 5.1.3-2, with varying RRC Release timer and mobility rate (cell change per minute). The results can be summarised as follows:

	RRC Release timer
	Ratio: S1 messages due to handover / 
S1 message due to connection setup

	
	Mobility Rate (cell changes per minute per UE)

	
	0.1
	0.3
	1
	3
	10

	5s
	0.003
	0.009
	0.032
	0.096
	0.323

	10s
	0.006
	0.020
	0.069
	0.203
	0.686


Table 4.x-1: Handover to Connection Setup S1 signalling load ratio 
The underlying deployment scenario for this assessment assumed 10 small cells per overlaying macro.  6 S1 messages were counted for connection setup (3 for setup and 3 for release), whereas 2 S1 messages were counted for path switch. Those results show that it is valid to assume that the overall increase of S1 signalling due to more frequent HO is below the S1 signalling for connection handling, even if the RRC release timer is chosen as short as 5s. On the other hand, the likelihood for a HO increases for longer RRC release timers, but the HO signaling is still below that for connection handling.

It is also assumed that the network is able to deal with two layers of cells (the small cell layer and the macro layer) in a way that is advantageous for the overall system signaling load. The network would apply reasonable mobility strategies to UEs with medium to higher speeds which would then be preferably be severed on the macro layer. Consequently a cell change rates as high as 10 cell changes per minute would be rather unlikely and only used in cases where gain is given, e.g. in terms of offload traffic.

3
Conclusion
It is proposed to capture the text proposal shown above in TR 37.876 [4].
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