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1 Introduction
In RAN#58, small cell SI [1] was approved to study potential enhancements to improve the spectral efficiency and small cell operation. The following objectives are included in SID related to efficient small cell operations.  

o
Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements,  focusing on considering  multi-carrier deployments in the small cell layer and, dynamic on/off switching of small cells and enhanced interference measurements.

o
Mechanisms for efficient discovery of small cells and their configuration. 
This contribution focuses on the interference avoidance and coordination among small cells and discusses a few potential enhancements for efficient small cell operations.
2 Small cell offloading
A key use case of deploying dense small cell layer is to increase the user throughput by offloading data traffic to small cell layer. Our first analysis is to evaluate whether successful offloading is achieved by attaching UEs to a cell based on the strongest signal strength. Some results are summarized in Table 1. 

Table 1. Scenario 2A/2B with different traffic arrival rate (
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2A_4c_5 23372 0.6019 0.5 4016 16667 40000 0.3981 0.07 11494 28777 58824

2A_4c_10 14887 0.6251 0.91 751 3683 25641 0.3749 0.14 8811 27778 55556

2A_10c_5 20577 0.7108 0.61 2970 13746 38462 0.2892 0.02 14235 28571 57971

2A_10c_10 11979 0.7075 0.95 546 2167 17778 0.2925 0.04 13115 28169 55556

2B_8c_5 18898 0.7751 0.7 2124 11364 36697 0.2249 0.02 17857 30534 58824

2B_8c_10 10058 0.7756 0.96 379 1589 13292 0.2244 0.04 16461 29851 58824


The results indicate a couple of noticeable observations. Firstly, the ratio of UEs are served by macro layer is much higher than that of small cell layer (e.g., 60% vs. 40% in 2A_4C_5 and 77% vs. 23% in 2B_8c_5). More interestingly, the ratio of SUE (small cell UE) is much less in indoor scenarios 2B compared to outdoor scenario 2A even though UE distribution probability within small cell clusters is 2/3 in both scenarios. As described in [2], one key factor to make the difference is the interference characteristics in indoor and outdoor scenarios. Secondly, the SUE ratio becomes lower with small cell layer density. With 10 cells per cluster, it is observed that smaller UEs are served by small cell layer compared to 4 cells per cluster case. It is mainly due to higher interference level from more cells due to denser deployment. Another observation regarding to the ratio of offloading or comparison between macro RU (resource utilization) and small cell RU is that even with 4 cells per cluster case, macro RU is in 50% to 90% range whereas small cell RU is in 7% to 14%. It can be inferred that small cell offloading is not well achieved with normal cell selection mechanism. 
Thus, we analyze another case to increase offloading to small cell layer by giving priority to the small cell layer such that if there is at least one small cell with RSRQ >= Threshold, a UE is attached to the small cell layer regardless of SNIR to the macro cells. In the analysis, various threshold values are tested (e.g., Threshold = -1.5dB, -3dB, -5dB, -7dB, and -9dB). Results are summarized in Table 2 and Table 3.

Table 2. Various RSRQ Threshold for small cell offloading with arrival rate ( = 5
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2A_c10_5 15048 0.716 0.9 1012 5348 28571 0.284 0.03 13937 28571 57971

2A_c10_5-Threshold-1.5 18385 0.6202 0.84 1342 7273 30303 0.3798 0.04 14493 28986 54795

2A_c10_5-Threshold-3 23202 0.3686 0.55 2996 13699 37383 0.6314 0.07 13245 26667 48780

2A_c10_5-Threshold-5 23114 0.1531 0.25 6182 18265 38835 0.8469 0.11 9662 22727 43956


Table 3. Various RSRQ Threshold for small cell offloading with arrival rate ( = 10
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2A_c10_10 15048 0.7075 0.95 546 2167 17778 0.2925 0.04 13115 28169 55556

2A_c10_10-Threshold-1.5 18385 0.6212 0.93 630 2845 22599 0.3788 0.05 13697 28571 51948

2A_c10_10-Threshold-3 23202 0.3827 0.76 1540 8197 30075 0.6173 0.09 11940 25974 46512

2A_c10_10-Threshold-5 23114 0.1519 0.35 4565 15504 35398 0.8481 0.15 8584 21164 41237


It is observed that up to a certain threshold (-3dB) the user throughput increases as the number of UEs serviced by small cell layer increases and reduces the network congestion in macro layer. In other words, each UE will have more chances to get serviced. The performance gain starts to degrade with lower threshold due to poor channel quality. Some observations can be summarized in this result. Firstly, if channel quality is maintained, more offloading to small cell layer would increase the overall user and network throughput. Thus, necessary ICIC to reduce interference level would be essential to maximize the small cell offloading. Secondly, the cell detection performance of a UE in small cell layer may be degraded if UE is required to operate in low SNIR range to be offloaded to the small cell layer (e.g., -5dB). This can be enhanced with necessary collision avoidance and coordination in synchronization/tracking signals and cell detection signals among neighbour cells. A few candidate approaches can be considered including dynamic cell on/off, collision avoidance by the number of OFDM symbol or the number of subframe shift of SFN boundary, or collision avoidance by OFDM symbol or subframe shift of signals (in NCT) among neighbour cells. 

3 Interference Coordination Techniques
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Figure 1. SUE Throughput with ( = 5 (left) and ( = 10 (right)

Table 4. Throughput Summary
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Table 5. UE throughput summary with different RSRQ threshold values with LCT and NCT
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2A_4c_ld10 14887 902 8929 43956 0.625098 0.91 6914 751 3683 25641 0.374902 0.14 28181 8811 27778 55556

2A_4c_ld10_nct 17210 898 9112 58824 0.625098 0.92 6898 746 3686 25316 0.374902 0.12 34403 9683 31746 58824

2A_4c_ld10_t-1_5 17746 1355 15209 43956 0.515074 0.85 9165 987 5400 29630 0.484926 0.18 26861 8715 27027 51948

2A_4c_ld10_t-1_5_nct 20733 1336 16949 58824 0.515074 0.85 9147 990 5420 29412 0.484926 0.15 33040 10554 30303 58824

2A_4c_ld10_t-3 19710 4137 17621 43478 0.277408 0.57 14639 2511 11331 36364 0.722592 0.3 21656 6051 19802 46512

2A_4c_ld10_t-3_nct 23368 4287 21053 55556 0.277408 0.57 14621 2446 11364 36036 0.722592 0.26 26726 7421 25000 58824

2A_10c_ld10 11979 639 3876 41667 0.707518 0.95 4517 546 2167 17778 0.292482 0.04 30032 13115 28169 55556

2A_10c_ld10_nct 15541 637 3918 58824 0.707518 0.95 4513 539 2182 17699 0.292482 0.03 42218 16194 43478 58824

2A_10c_ld10_t-1_5 14850 783 7843 43011 0.621182 0.93 5642 630 2845 22599 0.378818 0.05 29948 13697 28571 51948

2A_10c_ld10_t-1_5_nct 19492 780 8032 58824 0.621182 0.93 5668 633 2831 22727 0.378818 0.04 42161 17715 42553 58824

2A_10c_ld10_t-3 20636 2460 21277 42553 0.382733 0.76 11428 1540 8197 30075 0.617267 0.09 26346 11940 25974 46512

2A_10c_ld10_t-3_nct 27719 2426 27586 58824 0.382733 0.76 11482 1581 8247 30075 0.617267 0.07 37787 16667 35088 58824

2B_8c_ld10 12586 513 3342 44944 0.724158 0.95 4216 434 1995 16949 0.275842 0.04 34561 19324 30769 58824

2B_8c_ld10_nct 18186 509 3361 58824 0.724158 0.95 4200 438 1983 16878 0.275842 0.02 54903 30769 58824 58824

2B_8c_ld10_t-1_5 18525 898 16736 47059 0.538763 0.91 6897 659 3765 25316 0.461237 0.07 32108 17094 29412 55556

2B_8c_ld10_t-1_5_nct 28111 902 20305 58824 0.538763 0.91 6927 659 3739 25316 0.461237 0.04 52856 28777 58824 58824

2B_8c_ld10_t-3 22532 2232 25000 45977 0.349256 0.78 10514 1285 7366 29630 0.650744 0.11 28981 14337 28369 50000

2B_8c_ld10_t-3_nct 36395 2215 40000 58824 0.349256 0.78 10530 1280 7407 29630 0.650744 0.06 50277 25000 58824 58824

2B_8c_ld10_t-5 23030 3311 24845 44944 0.282106 0.69 11366 1812 8393 29630 0.717894 0.13 27614 12232 27778 48193

2B_8c_ld10_t-5_nct 38098 3303 42105 58824 0.282106 0.69 11368 1723 8439 29197 0.717894 0.07 48602 21622 58824 58824


Another analysis is to evaluate the impact from neighbor cell CRS and demonstrate the benefits of new carrier type compared to legacy carrier type. For the simplicity, we assume that no CRS is transmitted with new carrier type.  The results are shown in Figure 1, Table 4 and Table 5, which demonstrates the following observations. 

(1) New carrier type achieves significant throughput gain by eliminating CRS interferences from neighbor small cells.  Overall, with 4 cells per cluster, average SUE throughput gain by NCT compared to LCT is between 13-22% and with 10 cells per cluster, average SUE throughput gain becomes 40% as shown in Table 4.
(2) The interfrence of CRS becomes more critial as the small cell density increases. With 10 cells per cluster, the performance gain becomes around 40% in average. With very dense small cell, the use of NCT is necessary. 
(3) In sparse cell deployment case, the gain by NCT increases with traffic load by reducing interference level. However, in dense deployment case, the higher gain with higher traffic load is not clearly shown as interference from data collision increases with higher traffic load. Thus, inter-cell coordination such as dynamic cell on/off or ICIC mechanism is necessary to avoid data collision in a dense scenario in additon to NCT. It is notable that utilization of small cell is very low even with high arrival rate (( = 10) which indicates that proper coordination among dense small cells are necessary even in low to medium load level in small cell layer.
(4) The benefits of having NCT increases with higher offloading rate to small cell layer as shown in Table 5. This implies that reducing interference considerably improves the user throughput when small cell offloading rate increases. In other words, to maximize the data offloading, NCT is necessary to control and minimize unnecessary interference along with other ICIC techniques.
In summary, we propose to consider both NCT and enhanced ICIC to multi-cell scenarios in small cell scenarios.  To be effective in small cell scenarios, some enhancement on current ICIC techniques – RNTP and ABS may be necessary. 
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Figure 2. Example of TDM among multiple cells

Firstly, we discuss potential enhancement with ABS technique. As it is optimized for one dominant interferer (macro cell) and victim (CRE pico cell) case, applying ABS to multi-cell scenarios such as a dense small cell may not be so straightforward even though TDM type ICIC technique in dense small cell scenario would be so useful. For example as shown in Figure 2, four cells are interfering each other and want to perform TDM fashion ICIC with TDD DL/UL configuration 1, one example of ABS configuration is shown in the right figure. As shown in the figure, to handle multiple neighboring cells, the number of ABS subframes per cell would increase. The issue becomes more significant as the density of small cells within a cluster increases. One candidate enhancement to address this issue is to enhance backhaul signalling to inform or request the set of subframes which will be used with full power or allow reduced power ABS subframe (or blank subframe) where the power level of uplink transmission can be limited to a certain threshold in those configured reduced (A)BS subframes. 
Secondly, some considerations on RNTP should be given to support efficient EPDCCH operation. 
The BER requirement of control channel compared to that of data channel is higher, which implies that higher SNIR would be required for control channel. As shown in previous Sections, due to high interference level, PDCCH performance may not be guaranteed without proper multi-cell ABS configurations. Thus, utilizing EPDCCH in small cell environments is desirable. To guarantee the performance of EPDCCH in heavy interference scenarios, it is necessary to investigate whether current ICIC technique such as RNTP is sufficient. Two aspects should be considered. One aspect is to protect configured EPDCCH PRBs by neighbor cells and the other aspect is to select a set of PRBs to configure EPDCCH sets. For the first aspect, neighbor cell’s rate matching or lowering power on PRBs used by serving cell’s EPDCCH can be considered. To request protection or inform serving cell’s EPDCCH PRBs, further backhaul signaling can be considered. For the second aspect, without long-term RNTP or ABS, it is challenging to configure control channel which should not be changed dynamically. This is more critical to configure PRBs for EPDCCH CSS. Thus, enhancement on RNTP mechanism would be necessary such as introducing a separate RNTP-like signaling for EPDCCH set.
Additionally, to support efficient EPDCCH operation in small cell scenarios, some further study on the performance of EPDCCH when it collides with neighbor cell’s EPDCCH or PDSCH. In particular, the collision of DM-RS ports among neighbor cells EPDCCH transmissions needs to be investigated. 
Moreover, RRM measurement based on CRS may not be sufficient due to heavy interference on CRS without proper coordination among the synchronized cells. Thus, we propose to further study CSI-RS based RRM and IMR enhancement for neighbor RRM in small cell scenarios.
4 Considerations on TDD

If TDD is used in small cell layer, multiple issues should be addressed. First issue is to handle different TDD configurations between neighboring small cell clusters or between adjacent carriers. Besides different TDD configurations, SFN among clusters or between adjacent carriers may not be aligned. The interference issue when uplink and downlink subframe collide in such a case should be studied. To handle this issue, techniques discussed in eIMTA can be applicable. Furthermore, TDD with downlink subframes only or uplink subframes only can be considered by disabling uplink subframes or downlink subframes. Those disabled subframes can be changed to downlink subframes or uplink subframes to maximize the utilization. One example is illustrated in Figure 1 where f1 and f2 are adjacent carriers. 
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Figure 3. Disabling Uplink to Protect Adjacent Downlink
Second issue is to handle “not-tightly” synchronized neighboring TDD cells due to accumulated synchronization errors in a large indoor small cell scenario. Or, asynchronous TDD cells between clusters or between adjacent carriers can be considered. Similar to different TDD case, eIMTA techniques can be used to address this case. Additionally, properly configured cell-specific uplink TA can be used as illustrated in Figure 4.
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Figure 4. Applying Timing Advance to address Synchronization Error
5 Conclusions
In this contribution, we addressed a few issues specific to a dense small cell scenario for offloading purpose. We propose the following techniques to be studied further to address those issues. 

Deploying NCT in small cell layer: to minimize unnecessary interference, reduced or no CRS is used in small cell layer.
ICIC for enhanced cell search: collision between synchronization signals from multiple cells should be avoided or minimized to improve the quality of synchronization signals. Or, new synchronization signal can be considered [3]. 

Cell on/off and Grouping: to minimize the number of coordinating entities, cell groupings can be considered where cells belonging to the same group may be tightly coordinated to maintain interference level to the certain threshold and inter-group coordination can be done by current ICIC techniques. One approach of grouping is to group cells which share the coverage area such that one or more cells within the same group may be turned off while keeping the coverage area.
Enhancement in RNTP: additional backhaul signaling can be considered to support enhanced EPDCCH performance in high interference scenarios.
Enhancement in ABS: additional backhaul signaling to extend ABS in multi-cells and enhancements to allow different power level per subframe can be further studied. 

Measurement Enhancement: due to unreliable CRS quality in high interference small cell layer, CSI-RS based measurement and power control can be considered. Furthermore, to allow flexible uplink and downlink switch with reduced power in a subframe, UE measurement on uplink subframe in TDD can be considered.
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7 Annex

Table 5. Simulation assumptions for system level simulation
	Parameters
	Assumptions

	Scenario
	Scenario #2a
	Scenario #2b (dense)

	Number of macro site
	7
	7

	System bandwidth per carrier
	10 MHz
	10 MHz

	Total Small cell TX Power
	30 dBm
	24 dBm

	Number of clusters/buildings per macro cell geographical area
	1
	1

	Number of small cells per cluster
	4, 10
	4, 8

	Distance-dependent path loss
	ITU model as baseline
	ITU model as baseline

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.
	A UE is an indoor UE if it is located within a hotzone building. Additionally, a UE not located within a hotzone building is classified as an indoor UE with 30% probability.

	Traffic model
	FTP Model 1 as in TR 36.814
	FTP Model 1 as in TR 36.814

	UE receiver
	MMSE-IRC
	MMSE-IRC

	Antenna configuration
	2Tx2Rx in DL, co-polarized
	2Tx2Rx in DL, co-polarized
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