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1
Introduction
In this contribution, we consider hyper-dense small cell deployments and discuss backward compatibility issues with small cell on/off operation. 
2
Opportunistic small cell activation

Opportunistic activation and deactivation of small cells has been identified as one of the candidate technique [1] for hyper-dense deployments of small cells. We have described opportunistic cell activation in [2] and in this contribution, we discussed how the network can address the issue of backward compatibility. 
We discuss backward compatibility for a carrier frequency where there are no RRC_IDLE UEs. Cell dormancy feature is not well suited for carrier frequencies where RRC_IDLE UEs are camping, as it can lead to frequent reselection procedure. Very frequent reselection would lead to higher probability of missed paging messages. For that reason, during the discussion in this contribution, we assume that there is a separate frequency layer associated with macro eNB deployment (so-called coverage layer) that would be used for camping. Cell dormancy would be a feature on a separate carrier frequency (so-called capacity layer), where RRC_IDLE UEs are not present. 

Typical access procedure during RRC_IDLE to RRC_CONNECTED transition would then consists of UE accessing a coverage layer, and then based on the capacity needs, being either redirected to a coverage layer (for non-CA capable UEs) or Scell on a coverage layer being configured with RRC Reconfiguration Message (for CA capable UEs). There is no practical load balancing issue, as RRC_IDLE mode UEs do not need to be spread across carrier frequencies. Typically, there is enough paging capacity on a single frequency layer.    

2.1 Adaptive switching of mode of operation
As we have shown in [2] and discussed in [3], significant performance gain can be achieved with subframe level dormancy in Scenario 1. This mode of operation however might create backward compatibility issues, since legacy UEs assume continuous CRS transmission. One can however, easily achieve backward compatibility, if the fast dormancy is  adaptively enabled only if there are no legacy UEs in the vicinity of a cell that performs instantaneous cell on/off feature. 
The presence of RRC_IDLE legacy UEs could not be detected by a cell; however, as was discussed above, RRC_IDLE UEs (both legacy and Rel-12) should be directed to the macro layer for efficient operation, in which case the presence of RRC_IDLE legacy UEs on the small cell layer is not a concern. 
2.1.1 Slow cell turn on/off procedure

In case of legacy UEs that are not designed for instantaneous cell turn on/off, we envision the following procedure:

· A cell in turned on based on the eNB’s detection of a nearby UEs
· Rel-11 waveform is transmitted

· Power ramp is implemented in order to allow for smooth handover

· Once the cell that is turned on becomes the strongest cell for a particular UE, regular handover procedure is implemented. 
This procedure is likely to take at least several hundred milliseconds to several seconds.  

2.1.2 Rel-11 backward compatible cell on/off procedure 

Another way to ensure backward compatibility with legacy Rel-11 UEs that support carrier aggregation is to use the Scell activation/deactivation procedure. This feature can support faster cell on/off procedure on an Scell. In this scenario, the procedure consists of the following:

· A given UE is configured with an Scell

· Scell for a given use is deactivated with MAC control signalling

· The eNB Tx associated with Scell is off

· Upon the eNB’s detection of a nearby UEs, eNB Tx is turned on

· Rel-11 waveform is transmitted

· Scell for a given UE activated with MAC control signalling

· UE can communicate with the eNB on an activated Scell

This procedure is much quicker and it can be completed in less than 100 ms as MAC control signalling delay is on the order of 10s of ms.  
Conclusion:  Adaptively disabling instantaneous cell on/off feature ensures backward compatibility of the feature. 
2.2 Comparison with NCT 
The advantage of a cell on/off procedure is that the procedure can be made adaptable to accommodate the type of UEs that are present in the network. If only Rel-12 UEs are present, instantaneous cell on/off can implemented. If there are only rel-11 UEs in the network, cell on/off feature can accommodate the MAC control signalling based procedure used to activate and deactivate configured Scell. In the presence of legacy, Rel-8 UEs, cell on/off need to be slow enough to ensure proper ACG operation, accurate RRM measurements at the legacy UEs and allow for robust handover performance. 

Deployment of NCT does not allow for dynamic mode of operation. Carrier frequency on which NCT is deployed is not accessible to legacy UEs.     
When there are no legacy UEs are present, the degree of energy saving and interference reduction achievable with small cell on/off is similar or larger than that with NCT.  

3 System performance

In order to estimate performance impact that slower activation of small cells can have on system performance, we consider Scenario 2a [4]. System simulation assume single carrier UEs. Before data burst arrival, all UEs are connected to macro layer on f0. After a delay of x ms, a decision is made to activate a small cell and handover the UE to f1 based on the measured RSRQ value:
RSRQ(f1) + bias  is compared to RSRQ(f0) 

We assumed 10 dB bias and x is swept across {10, 100, 200, 500, 900} ms. 
The results are summarized in Table 1, Table 2 and Table 3 for three different cell area offered rates 10 Mbps, 20 Mbps and 30 Mbps, respectively. We see that even though we use an aggressive bias to pico cells, pico cells remain underutilized and macro cells remain more loaded. It is also apparent that user performance is significantly better as UEs are moved to small cells more quickly. As it can be seen from the tables, for the same offered, quickly offloading users to pico cells (delay of 10 ms) can provide 5-7 times better user experience than the scenario where offloading delay is 900 ms. 

Note that less than 10 ms delay can be achieved with simply not turning of any cells on the given frequency. This mode of operation; however, could not offer any interference reduction or energy savings.  
Table 1:  Cell area offered rate: 10 Mbps
	Pico cell offloading delay
	User 50% throughput (Mbps)
	User 5% throughput (Mbps)
	Macro Loading
	Pico Loading

	10 ms
	42.5
	22
	5%
	2%

	100 ms
	25.7 (0.6x)
	18.5 (0.84x)
	20% (4x)
	1% (0.5x)

	200 ms
	17.4 (0.41x)
	13.8 (0.63x)
	30% (6x)
	0.5% (0.25x)

	500 ms
	13 (0.31x)
	7 (0.32x)
	42% (8.4x)
	0.5% (0.25x)

	900 ms
	12.8 (0.3x)
	4.2 (0.19x)
	44% (8.8x)
	0.5% (0.25x)


Table 2:  Cell area offered rate: 20 Mbps
	Pico cell offloading delay
	User 50% throughput (Mbps)
	User 5% throughput (Mbps)
	Macro Loading
	Pico Loading

	10 ms
	37
	17
	7%
	4%

	100 ms
	24 (0.65x)
	15 (0.88x)
	37% (5.29x)
	2.5% (0.63x)

	200 ms
	16 (0.43x)
	11.5 (0.68x)
	53% (7.57x)
	2% (0.5x)

	500 ms
	7.5 (0.2x)
	6.5 (0.38x)
	68% (9.71x)
	1% (0.25x)

	900 ms
	5.8 (0.16x)
	3.9 (0.23x)
	75% (10.7x)
	1% (0.25x)


Table 3:  Cell area offered rate: 30 Mbps

	Pico cell offloading delay
	User 50% throughput (Mbps)
	User 5% throughput (Mbps)
	Macro Loading
	Pico Loading

	10 ms
	30.5
	12
	12%
	8%

	100 ms
	22.5 (0.74x)
	12 (1x)
	48% (4x)
	5% (0.63x)

	200 ms
	15 (0.49x)
	9.5 (0.79x)
	65% (5.42x)
	4.5% (0.56x)

	500 ms
	7 (0.23x)
	5.5 (0.46x)
	80% (6.67x)
	4% (0.5x)

	900 ms
	4 (0.13x)
	3.5 (0.29x)
	87% (7.25x)
	4% (0.5x)


4
Conclusions 
In this contribution, we discussed backward compatibility issues with cell on/off procedure. Small cell on/off is backward compatible since the eNB can adaptively disable it in the presence of legacy UEs. The quicker the UEs can be offloaded to pico cells, the better UE experience will be.  
Conclusion: Adaptively disabling instantaneous cell on/off feature ensures backward compatibility of the feature. 
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