
3GPP TSG RAN1#62
R1-104714
Madrid, Spain
August 23-27, 2010

Source:
Motorola
Title:
FDM Range Extension in Open-access Heterogeneous Networks
Agenda Item:
6.8.1
Document for:
Discussion 

1. Introduction
It was agreed in RAN Plenary #47 [6] to investigate Enhanced ICIC Techniques that are Release 8/9 compatible (i.e. that are backwards compatible with Release 8/9 UEs) for possible standardization. It is very desirable that heterogeneous deployment can also benefit Rel-8/9 UEs, instead of degrading their performance. 

There are two deployment scenarios that can potential cause harsh interference to some UEs:

· CSG: Macro UEs suffering from HeNB interference if macro-UEs are close to the HeNB that is a CSG

· Open-Access: Some Pico-UEs suffering from macro-eNB due to “range extension” [4]

 REF _Ref244847825 \r \h 
 \* MERGEFORMAT [5] at Pico-cells that try to “attract” as many UEs as possible 

In the case of CSG to macro-UE interference described above, which may not happen very often, the interference caused by a under-loaded HeNB operation (which is more typical than fully-loaded due to the presence of typically one or a few UEs) may not have a devastating effect on those macro-UEs as far as control and data channels are concerned [7][10].

This contribution is an update of R1-103920 [11]. In this contribution, we focus on the open-access case with FDM range extension and Reuse 1 range extension. In particular, we evaluate the potential gain of range extension for different range extension bias and consider the trade-off of reducing bias while increasing macro-cell transmit power de-boosting (e.g.  3 or 6 dB de-boosting) to achieve the same performance gains associated with larger biases and no de-boosting.  Acceptability of smaller bias means avoiding extensive ICIC and control channel modifications for Rel-10 and allowing Rel-8/9 UEs to fully benefit from such range extension gains.  In a companion contribution R1-104715 [12] , the performance of open access heterogeneous networks with TDM range extension and Reuse 1 range extension are evaluated with explicit PDCCH modeling.
2. Range Extension Discussion

Typically, cell association is based on the criterion of maximal RSRP. In this case, Rel-8/9 control channel is more than adequate. So we have a baseline Rel-8/9 deployment practice that already works in open-access heterogeneous deployment that also naturally benefits Rel-8/9 UEs. 
To carefully evaluate range extension, traffic load should consider both full-buffer and non-full buffer cases, in order to better understand the realistic gain.  Backhaul is another factor this is likely to be a key bottleneck in achieving performance gains with Pico-cells and range extension.
Low SINR due to range extension can be addressed in different ways including:
1. Very compact DCI format (e.g. 29-bits) for UL and DL grants
2. eICIC coordination techniques (e.g. TDM, FDM, etc)  that service Rel-10 UEs with large bias on different subframe than Rel-8/9 UEs with no or small bias
3. New control channel design (e.g. variable bandwidth release-8 type control region)
However, the above changes do not provide any benefit to Rel-8/9 UEs, which limits any potential system performance gains when there is a low population of Rel-10 UEs.  Alternative solutions which enable Rel-8/9 UEs to further enjoy the benefits of introducing of Pico-cells are:
1. Smaller bias with macro-cell cell transmit power de-boosting

2. Repetition of 8 CCE grants in subframe control region for a particular Pico-cell edge UE
3. Limiting the maximum number of macro-cell cell UEs scheduled per subframe in certain subframes
4. Symbol/Subframe shifting + selective scheduling and power attenuation (muting) with RB granularity

5. Consider addition of more Pico-cells 
3. Simulation Results and Observations 
In this section, we focus on the full-buffer throughput gain with 4 Pico-cells per eNB, and for UE dropping configurations #1 and 4b.  See Annex A and B for details on simulation and technical aspects. 
Note the CDFs in the figures include:

· Macro only

· Small Bias RE(4): Overlap FA + xdB + ydB eNB power de-boost with 4 Pico-cells  --   (x, -y, 4)

· E.g. x=8, y=3 for (8,-3,4) or x=5, y=6 for (5,-6,4)

· Small Bias RE(5): Overlap FA + xdB + ydB eNB power de-boost with 5 Pico-cells  --   (x, -y, 5)

· Large Bias RE(4): Overlap FA +  25dB with 4 Pico-cells  --  (25,0,4)

Based on the Figures then the following is concluded:

· Configuration 4b: ‘Small Bias RE(4)’ is better than ‘Large Bias RE(4)’ in terms of throughput performance 

· Note:  (8, -3, 4) CDF and (5, -6, 4) CDF  to right of (25, 0, 4) CDF

· Configuration 1:  ‘Small Bias RE(4)’ average throughput is better than ‘Large Bias RE(4)’

· Median throughput is better for ‘Large Bias RE(4)’
· Configuration 1: ‘Small Bias RE(5)’ is better than ‘Large Bias RE(4)’ in terms of throughput performance
3.1. Configuration #4b with 4-hotzones (4 Pico-cells per macro-cell-cell)

Figures 1 and 2 illustrate performance for deployment scenarios like configuration #4b where UEs tend to congregate around Pico-cells (e.g. for hot spots like at coffee shops). The figures indicate the following:

· Cell splitting gains from Pico-cells without any enhancements to Release 8/9 procedures and control gives 4.6x performance gains (at 50-% t-put) relative the macro-cell only deployment (baseline).  Thus, introducing Pico-cells is beneficial to all UEs including Rel-8/9 UEs. 

· The range extension techniques requiring extensive ICIC and control channel modifications provide marginal additional benefit relative to cell splitting gains (5.4x vs. 4.6x).  By adding another Pico-cell we can achieve the same benefit 5.4x.  Alternatively, macro-cell cell power de-boosting of 3 to 6 dB can be used to achieve closer to 5.4x without impacting Release 8/9 procedures and control. Therefore, such backwards-compatible mechanisms (small bias with eNB de-boosting) can further improve Pico-cell performance for all UEs, including Rel-8/9 UEs. 

· Figure 1 also includes one curve with 5 Picos/cell, showing incremental performance gains with addition of more Pico-cells. 

· Large range extension bias is unnecessary as 1) it does not provide any benefits to Rel-8/9 UEs, and 2) other alternatives that can provide performance gains for all UEs, including Rel-8/9 UEs are available. 
· In the results with 4-hotzone, when no range extension is used, reuse-1 deployment is better than non-overlapping FA (i.e., reuse-2). Even though, interestingly, overlapping FA showed larger probability to get higher user throughput, reuse-1 is still the best in low SINR region.

· Frequency allocations that provide hotzone UEs with “protected” bandwidth may be used to deliver reasonable performance for cell-edge users. Overlapping frequency allocation with range extension can give better throughput distribution than reuse-1 and non-overlapping FA, which confirm the intuition underlying this FA strategy, i.e., hotzone UEs will have a “protected” band on which significant throughput gain can be obtained because of the removal of macro-cell interference. At the same time, macro-UEs, due to their location, may not see much interference from hotzone eNB. Hence, they may not see a big improvement even if hotzone eNB interference is removed as in non-overlapping FA.
3.2. Configuration #1 with 4-hotzone (4 Pico-cells per macro-cell)
Figures 3 and 4 show performance for Configuration #1 where UEs are less congregated around Pico-cells.  In Figure 4, different bias values and eNB transmit power de-boosting values were simulated to illustrate the choices available for Pico-cell performance optimization. The figures indicate the following:

· Like Configuration#4b, the mere introduction of Pico-cells without any additional enhancements can provide significantly large performance gains (confirming the cell-splitting gains). Thus, introducing Pico-cells can provide significant performance benefits to Rel-8/9 as well as Rel-10 UEs. 

· Like Configuration#4b, additional performance gain due to range extension is smaller. Nonetheless, the figures show that a small bias range extension (with moderate eNB transmit power de-boosting) ((e.g. (8,-3) or (5,-6)) is sufficient to achieve equivalent performance as that with very large bias range extension (25,0).  Therefore, backwards-compatible mechanisms (small bias with eNB de-boosting) can further improve Pico-cell performance for all UEs, including Rel-8/9 UEs. 

· Adding an extra Pico-cell may also provide same performance gains as those with large bias range expansion, noting that the extra Pico-cell can benefit all UEs including Rel-8/9, while large bias range expansion do not benefit Rel-8/9 UEs. 

· Large range extension bias is unnecessary as 1) it does not provide any benefits to Rel-8/9 UEs, and 2) other alternatives that can provide performance gains for all UEs, including Rel-8/9 UEs are available. 

[image: image1.png]CDF

Configuration 4b

T
s Macra only H
Overlap FA +2548 bias (4 Picos)
Overlap FA +B4B bias +
08 308 eNB deboost (4 Picos) 8
Overlap FA +B4B bias +
308 eNB deboost (5 Picos)
07t R
06 : 8
05 8
04 ; i
03 8
02t : R
01 : 8
0 7 i
a0 10’ 10’ 10 10

Throughput (bps)




Figure 1 – User t-put CDF w/wo RE for configuration #4b and 4-hotzone (Wideband 2x2 rank-1/2 precoding)
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Figure 2 - User t-put CDF with RE for configuration #4b and 4-hotzone (Wideband 2x2 rank-1/2 precoding)
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Figure 3 - User t-put CDF with RE for configuration #1 and 4-hotzone (Wideband 2x2 rank-1/2 precoding)
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Figure 4 – User t-put CDF with RE for configuration #1 and 4-hotzone (Wideband 2x2 rank-1/2 precoding) for different bias and eNB transmit power de-boosting (25,0),(8,-3),(5,-6) and impact of adding one additional Pico
The hotzone attachment ratios for the different configurations (and based on LOS+NLOS path loss models) are also tabulated below:

	Configuration Type
	no RE
	with RE
	Attachment Ratio Increase

	Configuration 1, 10-hotzone [11]
	67%
	97% (25,0)
	x1.45

	Configuration 1, 4-hotzone
	46%
	51% (8.0)
	x1.11

	
	
	88% (25,0)
	x1.91

	
	
	65% (5,-6)
	x1.41

	Configuration 4a, 10-hotzone
	70%
	99%
	x1.41

	Configuration 4b, 4-hotzone [11]
	65%
	95%
	x1.46


We notice that the throughput gain of RE heavily depends on the achievable increase in percentage of UEs attached to hotzones, and hence:

· The gain of Range Extension reduces as the number of hotzones increases because more UEs are likely to attach to the Pico-cell without relying on any range extension. 
· The gain of RE reduces significantly in configuration #4a/b as opposed to #1. This is due to a smaller UE population outside of hotzone footprint compared with configuration #1, and thus fewer additional UEs will be attached to hotzones even with RE.
We can see from [11] that
· Reducing Range extension bias to 8dB or less can improve the lowest long-term SINR to above -10dB in case of overlapped band. This observation holds for both configuration #1 and #4b, even though for configuration #4b, the SINR distribution is better generally compared to that in uniform dropping. This will allow us to use the Rel-8 control channel that is designed to be capable of operating in these SINRs, while at the same time obtaining almost all the gains of range extension obtained at a much larger bias.  It is also not obvious then that extensive enhanced ICIC schemes are required.
4. Conclusion

In this contribution, we study the throughput benefit of range extension under idealized assumptions:

· full-load and full-buffer traffic at hotzone and macro-cell,
· successful reception of control signaling, 
· no backhaul bottleneck. 
It is noted that NGMN traffic loading model would be more realistic and should be considered for simulations. From the simulation for an outdoor open-access scenario with both uniform and clustered distributed UEs, we can have these observations:
· Cell splitting from Pico-cells without any enhancements to Release 8/9 procedures and control gives large (4.6x) performance gains relative the macro only deployment (baseline) for the clustered configuration (e.g. configuration #4b). 
· Cell-splitting gains via Reuse-1 is an effective baseline Rel-8/9 deployment practice that works in open-access heterogeneous deployment that also naturally benefits Rel-8/9 UEs.  Existing Release-8 control channels are adequate as shown in [8].
· The range extension techniques with 25dB bias require extensive ICIC and/or control channel modifications but provide marginal additional benefit relative to cell splitting gains (5.4x vs. 4.6x).  By adding another Pico-cell we can achieve similar 5.4x performance.  
· Using 8dB bias and macro-cell deboosting of 3dB (8,-3) or 5dB bias with -6dB de-boosting (5,-6), will improve the long-term SINR to above -10dB, which allows us to use the Rel-8 control channel that is designed to be capable of operating in these SINRs without need for extensive ICIC mechanism. At the same time, we can still obtain most of the theoretical range extension gain obtained at a much larger bias. Other techniques such as grant repetition can further extend low SINR range of operation.
· Range extension, as simulated with 25dB bias or effectively minimal pathloss based cell association, can result in extremely low long-term SINR which means a lot of unnecessary effort has to spent redesigning control and ICIC mechanisms for marginal performance improvements.
· Throughput gain of range extension is only observed with extensive ICIC mechanism such as an overlapping frequency allocation strategy (e.g., macro taking 50% of the overall bandwidth while hotzone occupying all available bandwidth) and even then it is mitigated with higher UE density in the hotzones (higher clustered UE dropping) and/or when the number of hotzones increase.
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6. Appendix A
6.1. Simulation parameters

Table 1. Simulation Parameters
	Simulation Parameter
	Value

	Deployment scenario
	10 or 4 hotzones randomly overlaid onto Case 1 macro-cells (19-cell, 57-sector wrap-around)

	Number of UEs per macro-cell sector 
	30

	Serving cell attachment 
	RSRP-based (with bias in case of range extension) 

	Scheduler 
	Proportional fairness and no coordination

	Bandwidth
	10MHz

	Carrier Frequency
	2GHz

	Macro cell ISD
	500m

	Max Macro-cell Tx Power
	46dBm or 43dBm (as indicated)

	Max Hotzone Tx Power
	30dBm

	Noise PSD
	-174 dBm/Hz

	Macro-cell eNB antenna pattern
	3D antenna pattern

	Hotzone antenna pattern
	Omni-directional

	Macro-cell eNB antenna gain
	17dB

	Hotzone antenna gain
	5dB

	Antenna configuration
	2-Tx 0.5 lambda, 2-Rx 0.5 lambda for all links

	Minimum distance between hotzone and macro
	35m

	Minimum distance between hotzones
	40m

	Minimum distance between Macro-cell and UE
	35m

	Minimum distance between hotzone and UE
	10m

	Fast Fading Channel 
	Modeled (macro: ITU UMa, hotzone: ITU UMi)


7. Appendix B – Technical Aspects Simulated
Deployment scenario and UE dropping

In this contribution, we study the case of overlaying onto case-1 macro-cells with hotzone eNB and UEs placement according to configuration #1 (uniform placement) and configuration #4a/b (non-uniform placement) of [9]. 

· Configuration #1 and #4a: N_users=30, N=10, P_hotspot=2/3 (i.e., 2 UEs per hotzone)

· Configuration #1 and #4b: N_users=30, N=4, P_hotspot=2/3 (i.e., 5 UEs per hotzone)

Cell association (Three strategies):

1. No range extension (i.e., maximal RSRP based)

2. RE (range extension): A 25dB bias is given to the outdoor hotzones where this value is roughly the difference in transmit power plus antenna gain between hotzone and macro. So such a bias is effectively making the cell association rule to be based on minimal pathloss as opposed to max-RSRP.
3. RE (range extension) with Macro-cell de-boosting:  An 8dB bias is given to outdoor hotzones and the macro-cell base-stations have their power reduced from 46 dBm to 43 dBm (3dB de-boost) or (8,-3).  Also considered is 5dB bias with 6 dB de-boost (5,-6) which is compared to (8,-3) and (25,0).
Frequency Allocation Schemes (Three cases):

Frequency allocation refers to the bandwidth to be assigned to each hotzone and macro nodes during deployment. We consider three simple static frequency allocation schemes as shown in Figure 5:
(1) “Reuse-1” – This case requires no frequency planning, but interference mitigation will rely on frequency-selective scheduling and beamforming.

(2) “Non-overlap FA” – This case allows some interference mitigation by assigning non-overlapping bandwidth to different nodes. In our simulation, we assume macro nodes transmit at half of the entire frequency band while hotzone-eNBs use the other half.

(3) “Overlap FA” – This case assumes that macro nodes was assigned to half of the frequency band, but hotzone-eNBs can still use the entire band. While assigning non-overlapping bands as in (2) is a natural way to avoid interference between macro and hotzone, it may not be that straightforward to see the advantage of overlapping FA. This particular example of macro using half bandwidth and hotzone taking entire band reflects the following concept: Hotzone UEs will have a “protected” band on which significant throughput gain can be obtained because of the removal of macro interference. At the same time, macros UEs, due to their location, may not see much interference from hotzone eNB. Hence, they may not see a big improvement even if the interference from hotzone eNBs is removed as in non-overlapping FA. The fact that macro was assigned a fixed 50% of the total bandwidth in the simulation is a bit heuristic and expected to be suboptimal. The effectiveness of such an overlapping FA strategy depends on the relative number of UEs attached to hotzone and macro eNBs. 
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Figure 5. Three frequency allocation schemes simulated
Frequency-Selective Scheduling

1. Disabled: For low-complexity Pico operation.

2. Enabled: FSS could be an effective means to mitigate interference by taking advantage of the frequency selective fading of interference, particularly for low-mobility channels. In our study, when FSS is simulated, we assume a granularity of 5 RB for each sub-band.

Beamforming (Precoding)
Similar to FSS, precoding is also an effective means to mitigate interference by taking advantage of the spatial selectivity of the interferers. Even without any CoMP, which is the case in our simulation, precoding by concentrating the transmission energy in the general direction of the desired UE minimizes the interference spread to other UEs statistically. Of course, the actual interference mitigation gain depends on spatial channel difference between desired and victim UEs. The precoding gain depends on transmission antenna correlation and their number. In the simulation, we assume the eNB has knowledge of the 2x2 spatial covariance matrix on the entire band (or subband in case of FSS enabled).

Modeling

Other details of the simulation parameters can be found in the Appendix. For large scale fading, the pathloss models agreed in the latest TR 36.814 are used. The IMT.EVAL based frequency selective spatial channel models are used for the fast-fading generation, where ITU UMa and UMi fast fading models are used for case-1 macro and hotzone cells respectively. Simulation was conducted in a similar way as in ITU evaluation for homogeneous deployment. Scheduling decision is made individually at macro-eNB or hotzone-eNB independently (i.e., no CoMP) by a PPF scheduler assuming UE feedback periodically every 4ms and scheduling delay of 3ms. Rank-1 or 2 precoding was determined based on predicted throughput (fairness adjusted). Actual CQI for transmission is estimated by the method proposed in [3]. MRC/MMSE UE receiver is assumed for rank-1 and 2, respectively.  
8. Appendix C – Further comparison figures
Configuration #4b with 4-hotzone – comparison (8,-3),(5,-6),(25,0) for 4 and 5 Pico-cells
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Figure 6 – User t-put CDF with RE for configuration #4b and 4-hotzone (Wideband 2x2 rank-1/2 precoding) for different bias (25,0), (8,-3), (5,-6) and impact of one additional Pico-cell
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