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Introduction
Small cell deployments are a major area of emphasis in Rel-12 LTE [1]. Various methods have been proposed for further improvements in small cell spectral efficiency by reducing control signalling overhead, with emphasis on multi-subframe and cross-subframe scheduling [2].
According to [2], further study on small cell control signaling aspects should focus on multi-subframe and cross-subframe scheduling, and 
· Identify characteristics of potential schemes, e.g. for multi-subframe scheduling, how does it differ from SPS, how many subframes, how is link adaptation and HARQ retransmissions handled? 

· Evaluate whether there are useful potential gains (in throughput or other gains) from overhead reduction (multi-subframe scheduling) or statistical multiplexing gain (cross-subframe scheduling)

· Consider impact of resulting scheduling restrictions and potential means to mitigate such impact

· Identify potential specification impact

Furthermore, small cell on/off switching or discontinuous transmission (DTX) at the component carrier (CC) level is one of the candidate techniques for interference avoidance and coordination [2]. However, multi-subframe scheduling potentially limits the scheduling flexibility of DTX methods since such UEs must be completely served before CCs are switched off [3]. In this contribution we share our views on methods of reconciling the conflicting objectives of control overhead reduction and DTX for small cells.
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Control Signalling Reduction under DTX
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Fig. 1: Downlink cross-carrier multi-subframe (CC-MS) scheduling of CA UE with CC DTX.
Consider a deployment with CA at the small cell layer, which is currently supported for outdoor scenarios #2a and #2b. The CCs can be forced into DTX mode for interference mitigation or energy minimization. At the same time, it is desirable to employ multi-subframe scheduling (MS) to reduce control overhead, which is feasible when small cells are lightly loaded with low-mobility UEs. In order to maintain the scheduling flexibility of DTX, we propose the use of cross-carrier multi-subframe (CC-MS) scheduling for CA UEs. Due to the combination of FTP traffic models and dense small cell deployments, the number of UEs associated per small cell is expected to be low. Thus, DTX comes into play as an interference mitigation method. In such scenarios, implementing CC-MS will lead to smaller disruptions in resource allocation while minimizing control signalling. SPS cannot offer the same benefits since SPS is allowed only on the PCell, and is less dynamic in time-scale.
Assume a small cell wishes to schedule a CA UE for X consecutive subframes with initial PDSCH sent on CC i, but CC i is set to transition to DTX mode after X1 subframes, X1 < X. With the addition of a limited number of DCI bits, a single initial CC-MS DCI message is sent on CC i to indicate that the UE will be served on CC i for a fraction X1 of subframes and the remainder on CC j, as shown in Fig. 1. Due to the small coverage area of small cells, the SNR on both CCs is expected to be higher than macro cells, and also be comparable to each other on average due to similar path-loss and shadowing.
· Proposal: Cross-carrier multi-subframe scheduling can be used to improve DTX scheduling flexibility, while reducing small cell control signaling overhead.

Generic MS requires a few additional DCI bits to indicate the total duration X of the allocation, while additional bits may be needed for HARQ information. For CC-MS, the CIF can be reused to indicate the target CC to be switched to, while 3-4 additional bits may be sufficient to indicate the subframe offset X1 from which the CC switch commences. Thus, the additional overhead for CC-MS is not likely to be significant compared to conventional MS. 
The original motivation for MS is that the channel conditions on a given CC are likely to be slowly varying and thus a single MCS can be applied over multiple contiguous subframes. This may no longer be true when transitioning between CCs. Thus, the MCS signaled in the CC-MS DCI should take this into account by assigning the maximum MCS supportable on both CCs, based on per-CC CQI feedback. Losses in spectral efficiency from forcing the use of a common MCS across CCs i and j can be mitigated by using a threshold for implementing CC-MS: 
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for the case of wideband CQI, and similar thresholds can be defined for sub-band CQI over the allocated RBs, and RI. In Fig. 2, the UE geometries on two CCs for an intra-band contiguous carrier aggregation scenario in small cell scenario #2a are observed to be statistically quite similar (parameters given in the Appendix). Thus, CC-MS appears to be feasible at least in this scenario with a minimal loss in performance, while enabling dynamic DTX scheduling. 
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Figure 2: Scenario #2a, 16 small cells per macro cell.
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Conclusion
Proposal: Cross-carrier multi-subframe scheduling can be used to improve DTX scheduling flexibility, while reducing small cell control signaling overhead.
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Appendix 

Table 1. Simulation assumptions in addition to [3].

	Parameter
	Setting

	Scenario
	2a

	UEs per macrocell
	30, full buffer assumption

	CC center frequencies
	3.5GHz and 3.5315 GHz

	Macro sites
	19

	Association
	RSRP for intra-frequency, 

RSRQ for inter-frequency
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