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1	Introduction
In RAN #58, the SID of small cell enhancement-higher layer aspects has been agreed. In the SID, the RRM structure and mobility enhancement are proposed to be studied [1]:
·    Identify and evaluate the necessity of overall Radio Resource Management structure and mobility enhancements for small cell deployments:
· Mobility mechanisms for minimizing inter-node UE context transfer and signalling towards the core network.
· Measurement and cell identification enhancements while minimizing increased UE battery consumption.
In this paper, we discuss the possible impact on the RRM and cell identification from the small cell scenario and architecture point of view. 
2	RRM measurements and mobility for small cell scenario
The discussion of this section is mainly focus on the impact of the scenarios identified in the small cell enhancement SI [2] to the RRM measurements and mobility. Although the exact scenarios are not fully clear yet, both RAN1 and RAN2 will start the work on defining the suitable scenarios for small cell enhancements. Based on the information provided in [2] on the scenarios and on assumption of dual connectivity, we discuss the general RRM and mobility procedures for dual connectivity together with analysis on the ensuing system complexity, signalling overhead, mobility performance and power consumption etc.
One of the motivations for deploying small cells is to offload the traffic from the macro cells to the small cells, to balance the load between macro and small cells. To figure out if there is an available small cell nearby a given UE, eNB needs to configure related measurements to the given UE and then UE will do measurements accordingly. If a small cell fulfills the configured reporting criterion, the UE will send the measurement reports of the small cells to eNB and based on these reports, eNB can decide whether the small cell is a suitable candidate for offloading for the UE. After that, eNB may decide to handover such UE to the identified small cell or even establish dual connectivity for the given UE.
For a UE that has an ongoing dual connectivity session, identifying and measuring the small cells is still important because there might be multiple small cells in the macro coverage and UE may move from one small cell to another. In this case, after the cell has been detected the related RRM measurements will be useful for handovers between small cells. 
Below we give some analysis on some of the properties of the identified small cell scenarios in [2]
With and without macro coverage:
Like for any other cell addition, there are only two basic use cases for deploying a small cell: Providing additional resource for a traffic hotspot (capacity extension)  and filling a coverage hole (coverage extension). In the first case, it is very likely there will be a macro cell overlaid with the small cell, since the intention is to provide more capacity to existing coverage area. For the second case, it is easy to understand that there will be no macro cell overlaid for the entire coverage area of the small cell. However, the common use of measurements for both cases is that UE would typically discover the cell before being handed over to it (whether such handover is for offloading or mobility purpose is inconsequential here). In practice, however, many cells will not be deployed purely for one of the use cases but a mix of those. 
Considering the above use cases, we can see that for small cell without macro coverage, the normal RRM measurements would apply, but for small cell with macro coverage where the handover is not as critical, looser requirements could be considered. However, the measurement structure and procedure might be the same for the case with or without macro coverage.
Sparse and dense:
The density of the small cells determines how frequently we can assume a UE could be able to measure a small cells. Higher cell density means UE may find a small cell much more frequently but the small cells will also suffer likely higher interference and vice versa. Therefore, the challenges for cell discovery and RRM measurement in dense and sparse deployments may be different. Consequentially the UE requirement and the motivation of introduce RRM enhancements may be different for the two cases. Therefore, deeper investigation is needed and we will go through the details in section 3.
Outdoor and indoor:
[bookmark: _GoBack]As per [2], the outdoor/indoor scenario also determines the expected UE speed, which will have an impact on how fast a UE may pass through a cell. However, it is also clear that the impact caused by UE’s speed is also related to the cell size: A UE travelling at e.g. 10 km/h can be considered low mobility UE for a macro cell but high mobility UE for a small cell. To support UEs with different speeds, eNB may have different stratergies and may use different measurement configurations for determining which UEs could use the small cell. These are something that were also considered in the Hetnet Mobility SI and will continue to be considered in the Hetnet Mobility WI: How to ensure the correct UEs can be offloaded to the small cells? (See e.g. [4], [5] and [6]). Therefore, the studies should consider also the work done in other SI/WI but this SI should focus on the small cell aspects like the density of deployment. 
Synchronization
According to [2], whether we should ensure synchornization between macro eNB and small eNB should be considered and discussed. However, from UE point of view, it will always need to get synchronized to a given cell before performing any measurement and even in Rel-8, UE is assumed to be able to operate in an asynchronous deployments. However, ,the synchronization status between macro cell and small cell, or between different small cells may have some impact to the RRM measurement since the UE could be able to utilize pre-knowledge of synchronization to have more efficient cell discovery mechanism. Also, from interference coordination viewpoint it is known that e.g. feICIC and CoMP require synchronization, and it has been shown that there are clear benefits for interference coordination from having synchronized networks.
Spectrum
The co-channel deployment between macro and small cells has been well studied in the HetNet mobility SI, feICIC WI and CoMP WI [7]. The clearest new Rel-12 scenario is the case where the small cells are deployed using different carrier frequency than macro cell. Inter-frequency RRM measurements will need to configured and measurement gaps may also be needed, but from procedure point of view, there might be no significant difference compared to the intra-frequency RRM measurements.
From above analysis, we could see the deployment of the small cells and the synchronization between them may have potential impact on the RRM measurement and cell discovery. More specifically the density and synchronization of small cells, the UE speed are possibly the major factors. Further investigations are presented in the next section.
Observation #1: The UE speed, network synchronization and deployment density can have impact on the RRM measurements and cell discovery procedure.
Proposal #1: UE speed, network synchronization and deployment density should be taken into account when we study the small cell discovery, RRM measurement and mobility. 
3	Impact of small cell deployment and density
In section 2, we have observed that the density of small cells and the UE speed may have impact on the RRM measurement and mobility. Wee think we could arrange the discussion mainly into two types of use case separately: sparse deployment and dense deployment. This is mainly because, as shown below, the requirement and possible enhancement may be different in one case to that in the other one. 
[image: ][image: ]
Figure 2-1: Sparse deployment with/without macro coverage
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Figure 2-2: Dense deployment with/without macro coverage 
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For the case of small cell under macro coverage, macro eNB may desire to offload those UEs within small cell coverage to small cells to get higher spectrum efficiency and better power consumption performance. Since only a small number of small cells are available, macro eNB may easily indicate UEs the information of those small cells when configuring the measurement. Based on the configured measurement, UEs within the small cell coverage may report to the macro eNB to indicate an offloading opportunity. However, without reliable position and speed information of the UE, the macro eNB may have to configure UEs to do the inter-frequency measurements more frequently than necessary to find a suitable small cell. 
If small cells are sparse and the UE is moving with a low speed, e.g. in indoor scenario, UE will keep on searching for the small cell but may never be offloaded if the small cell is not nearby. That is, the continuous inter-frequency measurements based on legacy RRM framework may result in UE wasting power and network suffering from inflexibility of measurement gaps.. If the motivation of offloading is due to the high load of macro cell, the macro eNB may well configure a large amount of UEs to search for the small cells to see if any offloading opportunity can be found, and the aggregated power waste by the UEs may become larger than the possible gain from offloading.
On the other hand, UE may be in a medium or potentially higher speed based on the agreement in [2]. Due to the small coverage of the small cell, UE may move out of the cell already before completing the cell searching or measurement reporting. Such outdated measurement and report may mislead the macro eNB’s offloading decision. That is if macro eNB tries to establishe a dual connectivity for a high speed UE, UE will keep on wasting power on measurement and report but never be served by small cells efficiently
In summary, the key step of utilizing the sparsely deployed small cells is to identify those UEs that can be efficiently served by the small cells. The legacy RRM may suffer low UE power efficiency due to the small coverage and UE mobility.
Observation #2: The legacy measurement procedure may lead to low UE power efficiency in sparse deployment due to the mobility.
3.2	Dense deployment
In the dense deployment, different cells may be placed close to each other and the DL coverages are possibily overlapping. Thus UE will receive cell identification signals from multiple cells during cell searching. Compared with the macro cell deployment, the number of small cells that a UE may listen to in a certain area could be much larger. In such case, the cell identification may become much more difficult due to the high interference between small cells. For example one such case is that the cell discovery signals of two closed cells are using the same PCI, which would lead to PCI collision case. However, just as with CSG cells, it should be possible to assume that PCI collisions never happen, but it is not obvious that the existing SON techniques are able to handle all of such cases if the cells are user-deployed. Thus, just as with CSG cells, PCI cell identification enhancement should aim at reducing cell ID error detection in dense deployment case. 
Observation #3: The dense deployment may degrade the cell identification performance if interference coordination is not considered and PCI collisions are not prevented.
In dense deployment, the offloading may be supported for a large continuous area formed by small cell cluster (see Fig. 2-2). Then, UE may be served by small cells continuously by perform mobility procedure among small cells. in such case, even if the UE is in low or medium speed, it may pass several small cells in a short period. For example a medium speed of 30km/h means UE will pass a cell of 200m-radius cell in 24 seconds. Consequenty, for any moving UE, we could expect that it may change the serving small cell more frequently than that on macro coverage case, just as was also concluded in the Hetnet Mobility SI [6]
Observation #4: UE which is served by dense deployed small cells may need to change the serving cell more frequently than a UE in pure macro coverage case.
3.3	Other aspects
Some novel techniques may be introduced for small cells, which may cause impact on the RRM and cell identification of small cells. The possible impacts should be carefully considered and addressed if the corresponding techniques are agreed.
In [2], it has stated that the network energy efficiency should be increased by supporting a dormant state. Currently the study of the dormant state is under the NCT WI, which may eventually define the RS pattern, duty cycle, backward compatibility etc for the dormant state. Obviously the change of the physical layer signals will cause impact to the cell identification and RRM measurement. Therefore, if the dormant state is agreed in the NCT WI, the RRM and cell identification enhancement should support the dormant state and bring possible energy saving or mobility gains for UE as well. However, before receiving information from RAN1 on the dormant state specifics, RAN2 shouldn’t assume anything concerning the specifics, even whether such dormant state will be specified.
Observation #5: The measurement and mobility will be impacted by the physical layer change defined in NCT dormant state study. 
4	Conclusion
In this paper, we looked into the possible scenarios agreed in [2] that may need further enhancement on the RRM and cell identification not covered by the HetNet mobility WI. In general, introducing a new physical layer channel enables more accurate and power efficient cell identification and RRM measurement.
Observation #1: For small cell discovery, the UE speed, network synchronization and deployment density can have impact on the cell discovery procedure.
Observation #2: The legacy measurement procedure may lead to low UE power efficiency in sparse deployment due to the mobility. 
Observation #3: The dense deployment may degrade the cell identification performance if interference coordination is not considered and PCI collisions are not prevented.
Observation #4: UE which is served by dense deployed small cells may need to change the serving cell more frequently than a UE in pure macro coverage case.
Observation #5: The measurement and mobility will be impacted by the physical layer change defined in NCT dormant state study. RAN2 should take the RAN1 decisions into account when designing the RRM structure.
Proposal #1: UE speed, network synchronization and deployment density should be taken into account when we study the small cell discovery, RRM measurement and mobility. 
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