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1 Introduction

According to the big interest in small cell enhancements, scenarios and requirements for small cell enhancements were studied and captured in TR36.932[1]. Taking into account these scenarios and requirements, potential technologies of physical-layer aspects for small cell enhancements were studied and captured in TR 36.872[2].

Based on the study in TR 36.872, this paper extracts and summarizes the motivations for the physical layer enhancements of small cells. A work plan on how to proceed to the work item is proposed accordingly. 
2 Motivations and priority of small cell enhancements – physical layer aspects 
Two aspects of small cell enhancements are studied and concluded in the study item phase: 

· Enhancements to improve spectrum efficiency
· Mechanisms to ensure efficient operation of a small cell layer
2.1 Enhancements to improve spectrum efficiency
It was observed in the study for spectrum efficiency improvement:
Introduction of 256QAM in downlink transmission:
The high geometry experienced by UEs in the hotspot and indoor small cell deployments provides the space to improve the downlink throughput up to 33% gain at very high SINR over 64QAM with introduction of 256QAM. Prior to 3GPP, 256 QAM has already been introduced into IEEE 802.11ac (WiFi), and more than five mainstream vendors have already released their chipsets for commercial routers supporting 256 QAM. 

The small cell enhancement SI has done a lot of evaluation in the typical practical scenarios, where significant gain can be observed by introducing higher order modulation, i.e., 256QAM, in downlink, with suitable requirements for Tx EVM and Rx impairment. The link level simulation shows that the minimum SINR for 256QAM with observed gain is around 18dB~24dB with rank1 transmission and 25dB~30dB with rank 2 or rank adaptation. In system level evaluation with 4% Tx EVM, introduction of 256QAM shows 6%~27% gain on cell average UPT is observed for scenarios of S3 sparse and S2b sparse; 4%~22% gain on cell average UPT is observed for the scenarios of S2a and S2b dense. 

RAN4#66bis, #67 and #68 put significant efforts on the Tx EVM and Rx impairment modelling and analyses of 256QAM with 28 contributions, and concluded on these suggested modeling for TX and RX EVM as well as achievable TX and RX EVM value ranges in the reply LSs R4-132019 and R4-134571, response:
· For Tx EVM, 
· Transmitter EVM for 256QAM can be modeled as an AWGN component. 
· Based on RAN4 discussion, low power BS such as 20dBm and 24dBm may achieve a better EVM such as 3~4% with power back-off and/or relaxed clipping at the cost of decreased coverage, increased price and size. But RAN4 has not yet evaluated guaranteed minimum performance of Tx EVM.

· For Rx EVM,

· Applicable Rx impairments can be modeled by an equivalent AWGN component at the receiver.

· UE's may achieve Rx EVM in the range of 1.5~4% as typical performance depending on operating band frequency and implementation. But RAN4 has not yet evaluated guaranteed minimum performance of Rx EVM. 

UL transmission enhancement with UL DMRS overhead reduction

The low frequency-selective and low time-selective fading channel in small cells provides the possibility for overhead reduction of uplink UE-specific reference signal. Five companies provide evaluation results to show that around 7% spectrum efficiency gains are observed with only 1 reference signal symbol per subframe at medium and high SINR range and low UE mobility, with moderate standard impacts and eNB/UE complexity

Transmission of PDSCH/EPDCCH in OFDM symbol #0
By transmission of PDSCH/ePDCCH in OS #0, around 5~6% PDSCH RE availability can be achieved with very limited standard impacts and eNB/UE complexity.

Other Observations for technologies to improve spectrum efficiency include:
· Gains can be observed by reducing DL DMRS overhead mainly at high SNR range.

· Some companies observed gains by introducing multi-subframe/cross-subframe scheduling

2.2 Mechanisms to ensure efficient operation of a small cell layer
It was observed in the study that for efficient operation:

Semi-static small cell on/off and discovery:

The small cells may be turned on/off semi-statically. The criteria used for semi-static on/off may be the traffic load increase/decrease, UE arrival/departure (i.e. UE-cell association), and packet call arrival/completion. With legacy procedures, the feasible time scales of semi-static on/off schemes are generally in the order of seconds to hundreds of millisecond level; and with possible enhancements, the transitions may reduce to tens of milliseconds. Large performance gains (>20%) from semi-static small cell on/off are observed in cases with sparse UE distributions or when the transition time reduces to tens of milliseconds. The gain is generally larger with shorter off-to-on transition time. In addition, significant energy saving can be achieved by small cell on/off. The amount of gains depends on the design of cell on/off mechanisms. 

Enhancement of small cell discovery would be beneficial at least when small cell on/off is supported. In addition, fast and efficient discovery of small cells provides benefits for inter-frequency measurement. Efficient small cell discovery procedures can be achieved by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS.
Radio-interface based synchronization:

It is beneficial to support radio-interface based synchronization for cases when other methods such as GNSS or synchronization over backhaul are not available. Two solutions are considered, network listening and UE-assisted synchronization. For the deployment among the cells of different TDD operators deployed in the same band and same region, mechanisms to facilitate inter-operator synchronization should be considered.

Other Observations for technologies to ensure efficient operation include:
· Other interference coordination/avoidance technologies, including enhanced power control/adaptation, enhancement of (e)ICIC to multi-cell scenarios, load balancing/shifting, are studied and may desire further assessments

· Possible areas of L1 impact for dual-connectivity are identified, which is better to be specified according to RAN2-leading small cell enhancement WI.
2.3 Proposed priority of the work item

Therefore, it is justified to specify necessary standards support for spectrum efficiency enhancements and efficient operation mechanisms with the following priorities, according to the interest, efforts and potential benefits observed during study phase and the maturity of the studies:

· Priority1: Mature to specify now with significant benefit

· Introduction of 256QAM in downlink transmission

· Semi-static small cell on/off and discovery
· Priority2: Middle maturity or benefit

· Radio-interface based synchronization: Strong interests and justified scenarios from operators on supporting this feature in R12. However the study phase is a bit short for this topic, thus further assessment on the mechanisms are needed.

· Uplink DM-RS overhead reduction: Evaluation and study is mature, and gain is justified

· Transmission of PDSCH/EPDCCH in OFDM symbol #0: Evaluation and study is mature, and gain is justified

· Priority3: Less maturity and suggest continue assessment or specification if time allows
· Interference coordination/avoidance technologies, including enhanced power control/adaptation, enhancement of (e)ICIC to multi-cell scenarios, load balancing/shifting, are studied and may desire further assessments
· DL DMRS overhead mainly at high SNR range.

· Some companies observed gains by introducing multi-subframe/cross-subframe scheduling

3 Work plan of the WI on small cell enhancements- physical layer aspects

According to the discussion in the previous section, work plan of the WI on small cell enhancements –physical layer aspects are proposed as following:

3.1 RAN1 schedule

The work item is expected to be done from RAN#74bis to RAN#77, where five RAN WG1 meetings are scheduled. The work plan for RAN1 is proposed as following:

· RAN1#74bis: 

· Spectrum efficiency enhancement

· Downlink 256QAM

· Efficient operation

· Semi-static small cell on/off and discovery

· Radio interface based inter-cell synchronization: further assessment of solutions

· RAN1#75:

· Spectrum efficiency enhancement

· Downlink 256QAM

· Efficient operation

· Semi-static small cell on/off and discovery

· Radio interface based inter-cell synchronization: further assessment of solutions

· RAN1#76:

· Spectrum efficiency enhancement

· Downlink 256QAM

· Start discussion on  UL DM-RS overhead reduction

· Efficient operation

· Semi-static small cell on/off: and discovery.
· Radio interface based inter-cell synchronization: Specify the prioritized solutions

· RAN1#76bis:

· Spectrum efficiency enhancement

· Finish downlink 256QAM

· Finish UL DM-RS overhead reduction

· Start discussion on PDSCH/EPDCCH extending to the first OFDM symbol in a sub-frame 
· Efficient operation

· Semi-static small cell on/off: and discovery

· Radio interface based inter-cell synchronization: Specify the prioritized solutions

· If time permits, specify load balancing/shifting and ePDCCH/PDSCH interference coordination
· RAN1#77:

· Spectrum efficiency enhancement

· Finish PDSCH/EPDCCH extending to the first OFDM symbol in a sub-frame 
· Efficient operation

· Semi-static small cell on/off: and discovery

· Radio interface based inter-cell synchronization: Specify the prioritized solutions 

· If time permits, specify load balancing/shifting and ePDCCH/PDSCH interference coordination
3.2 RAN2-RAN4 schedule

· RAN2 work (up to RAN#64): Specification of Layer 2/3 protocol aspects, from RAN2#85 to #86.
· RAN3 work (up to RAN#64): Specify necessary signalling via network interface, from RAN3#83 to #84.
· RAN4 work (up to RAN#64): Specify any required modifications to UE and eNode B core requirements, including the RF requirements of 256QAM, and RRM requirements of efficient operation mechanisms

RAN time budget proposal (not applicable for WIs/SIs under RAN5 leadership):

NOTE:
Once the WI/SI is approved, this information will no longer be updated in the WI/SI description but in the status 
report. The rapporteur has to extend the table below until the target date of the WI/SI. Do NOT subdivide #TU fields (1 TU ~ 2h) of the table into different values for different objectives. You can explain 
this under additional comments below the table (if needed).

	Q4/2013

	RAN
	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4
	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4

	61
	74bis
	74bis
	83bis
	 
	 
	81bis
	68bis
	75
	75
	84
	 
	 
	82
	69

	
	6TU
	#TU
	0TU
	#TU
	#TU
	0TU
	0TU
	6TU
	#TU
	0TU
	#TU
	#TU
	0TU
	1TU


	Q1/2014

	RAN
	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4

	62
	76
	76
	85
	 
	 
	83
	70

	
	6TU
	#TU
	0.5TU
	#TU
	#TU
	0.5TU
	2TU


	Q2/2014

	RAN
	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4
	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4

	63
	76bis
	76bis
	85bis
	 
	 
	83bis
	70bis
	77
	77
	86
	 
	 
	84
	71

	
	6TU
	#TU
	0.5TU
	#TU
	#TU
	0.5TU
	2TU
	6TU
	#TU
	0.5TU
	#TU
	#TU
	0.5TU
	2TU


	RAN

	64

	


L: LTE, U: UMTS, J: Joint

additional comments to the time budget proposal:


4 Conclusion

In this contribution, we provided the motivations and proposed work plan of the physical layer work item for small cell enhancements, which is for reference of future work on this area. 
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