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1  Introduction

An initial set of candidate TDM patterns for evaluation has been agreed in the previous meeting [1] according to which patterns to be evaluated are the regular patterns with blanking rate (2/8 (for FDD) and (2/10 (for TDD). The patterns for the final requirements are expected to be selected out of the candidate set. Furthermore, it has also been agreed [1] to take into account the system aspect and UE performance for selecting the final patterns out of the candidate set of patterns. In this contribution, the patterns are analyzed from the system point of view. Also a clarification on the notation used for patterns is provided.
2 Clarification on measurement pattern notation
The agreed set of measurement patterns is summarized as follows:
· FDD patterns:
(1/8,1,ABS)


[ 10000000, … ]

(2/8,2,ABS)


[ 11000000, … ]

(3/20,1,MBSFN)

[ 1000010000 1000000000, ... ]

· TDD patterns:
(1/10,1,ABS)


[ 0000000001, … ]

(2/10,2,ABS)


[ 0000011000, …]

(2/10,1,MBSFN)

[ 0000100001, …]

Generally, in the above, the notation (N/M, K, pattern_type) describes a set of patterns where 
· N/M is the blanking rate, and 

· N is the total number of allowed subframes in which the UE performs the measurements, out of M subframes,

· K is the number of consecutive subframes out of N subframes,
· pattern_type (ABS or MBSFN) is the indicator which indicates whether the subframes with reduced activity in the pattern are configured as ABS (non-MBSFN) or MBSFN subframes, i.e. with or without CRS transmitted in the data region, respectively, and where MBSFN subframes are configured according to general rules.
In a pattern specification, [bitmap, …], the bitmap is used to indicate for which of the subframes the transmission activity is reduces, and ‘…’ is used to denote repetition of the bitmap according to the pattern periodicity (e.g., 40 ms for FDD implies using four times of ‘10000000’ for the first candidate FDD configuration).

In general, the notation refers to a set of patterns, not a single pattern, for the reason being that the final requirements are to be specified in a generic way with respect to the blanking rate, not tied to a particular pattern. For example, the applicability of the requirements may be specified as ‘the requirements shall apply for all measurement patterns with N/M with at least K consecutive subframes available for measurements’.
However, to align simulations and avoid discussing all possible permutations of blanked subframes, some restrictions have been added. In particular, in [1] to address the HARQ round trip timing issue for TDD, it has been agreed that the patterns shall apply from subframe 0. In the specification, however, this requirement is implicitly regulated by RAN1 requirements on HARQ configurations.
Proposal 1: The requirements are to be specified in a generic way, whilst the subframe number restriction indicated in [1] shall be interpreted as a simulation assumption or specific example.
3 Candidate patterns for TDD
Based on TS 36.211, the UL/DL allocations and MBSFN for TDD are summarized in Table 1.
Table 1. UL/DL allocations and feasible MBSFN configurations for TDD [TS 36.211]

	UL/DL configuration
	Subframe

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D

	Note: 
D = downlink subframe, S = special subframe, U = uplink subframe. Shaded subframes may carry MBSFN.


From Table 1, one can observe that if we consider the specific examples of the TDD candidate configurations mentioned in [1], then their applicability with respect to TDD UL/DL configurations is as follows:
· (1/10,1,ABS) is applicable for all but UL/DL configuration 0;
· (2/10,2,ABS) is only applicable to UL/DL configurations 3, 4, and 5;
· (2/10,1,MBSFN) is only applicable to UL/DL configurations 1, 2, 4, 5.
In particular for the second pattern, one can observe that quite many typical configurations are not covered with the second pattern, actually no configuration with 5 ms switching point is covered. 
According to the discussion in Section 2, such a restriction on the set of configurations for which the patterns shall apply shall not propagate to the requirements applicability, i.e. in the case of the second TDD pattern this simulation restriction shall not be interpreted as the requirements shall apply only for configurations 3, 4, and 5 since the requirements are to be formulated in a generic way.
Proposal 2: Having a common cyclic shift for all patterns shall not justify by itself the restriction on UL/DL configurations to be covered by the requirements.
4 Blanking rate impact on system performance
The pattern blanking rate defines the portion of blanked (low-interference) subframes, which for a measurement pattern signalled to the UE means the number of subframes available for measurements. From the system point of view, how sparse an ABS pattern should be depends on the load of the interfered and interfering cells and the size of the critical area where UEs suffer from significant interference. The significance of the interference is in turn determined by two factors:

· number of interferers, e.g.

· this is not an eICIC-specific issue,

· in a lightly loaded network, the collision probability of transmissions from different cells is low, i.e. the number of interfering cells is low, and thus the need for configuring ABS subframes is significantly less than in highly loaded networks;

· relative signal strength of the strongest interferers compared to the serving cell, e.g.

· current requirements allow to deal with interferers that are approximately the same strong as the serving cell,

· in the eICIC context, the relative signal strength depends on how much the cell selection approach deviates from the traditional RSRP-based cell selection, where a significant deviation may occur, for example, with CSG femto deployments or cell range expansion.

In the case of CSG deployments, the strongest interferer is the CSG femto cell which is likely to be loaded significantly less than a macro cell, i.e. the collision probability with the femto transmissions is likely to be low and thus the need for ABS subframes with such deployments is likely to be less than with pico cell deployments. Furthermore, power setting control mechanisms, which RAN4 is currently working on, will make it possible to further reduce the interference from CSG cells.

In the case of pico deployments, the current RAN4 assumption is that no CRE is used and thus the issue with a strong macro interferer is not more common than with heterogeneous deployments. The use case of ABS in the currently agreed scenarios is therefore mainly limited to improving the cell edge performance (e.g. the 5%-ile of UEs), which is equally applicable for both macro and pico UEs. Considering that 5% of the worst UEs require slightly more resources due to worse channel quality, the maximum blanking rate (at either pico eNodeB or macro eNodeB) may be more than 5% but shall not exceed 10-15%, which is an extreme case for the currently agreed scenarios. 
Example: With RSRP-based cell selection in one of the typical scenarios [3] studied in RAN1 (configuration #4a with 4 pico nodes per macro area) the total pico user share relative to all users is 17.8% [2]. In this scenario, the blanking rate of 15% at a macro cell means that almost all pico UEs, even with a good channel quality, will be scheduled during ABS subframes configured at the macro layer and the rest of the time the pico cell will be silent. These 15% of resources are, on the other hand, taken away from macro cells which may need those resources since the channel quality is typically worse in macro cells and the macro cells have a larger coverage area. The likely outcome in this example is the system capacity loss compared to when an ABS pattern with a lower blanking rate is used at the macro layer.
On shall also have in mind that the requirements to be specified will most likely be generic, and that the requirements for a pattern with a lower blanking rate will automatically hold for a pattern with a higher blanking rate. This means that the restricted measurement requirements to be specified for eICIC TDM should allow for patterns with the lowest typical blanking rate expected in networks.
5 System-level results

In this section we show results for non-full buffer traffic and a deployment scenario according to configuration #4b with 4 pico nodes per macro area [5] and Photspot = 2/3, which means that 66% of all UEs are dropped in hotspot areas. Note that the number of UEs that are served by pico nodes may be different, e.g., because of the transmit power difference for macro base stations and pico nodes and depends on the cell selection approach. Simulation assumptions are inline with the macro-pico scenario described in [5]. Some of the assumptions are shown in the Appendix below.
Figure 1 shows system-level results, in particular the 50%-ile UE throughput, for various traffic demand levels, where the traffic demand is fixed per UE in each simulation and is the same for all UEs. For each simulated traffic demand level, the total amount of satisfied demand traffic and the achieved service level in the network (e.g. xth percentile of UE throughput) are estimated. The achieved service quality as a function of the traffic demand can be viewed as a network capacity function showing 

•
the maximum amount of traffic that can be served to ensure a given service level in the network (x-axis vs. y-axis),

•
the maximum achievable service level in the network serving the given amount of traffic (y-axis vs. x-axis).

The methodology has been described in more detail in [4].
The results are shown for two FDD patterns, (1/8,1,ABS) and (2/8,2,ABS), each for 0 dB and 6dB cell selection bias. The 0 dB cell selection bias corresponds to the RSRP-based cell selection approach. The results indicate a loss in system performance for a higher blanking rate (red curves) compared to the blanking rate of 1/8 (blue curves). One can observe that although the curves tend to converge, they do not exactly converge because the blue curves are not defined for all traffic demand levels. In fact, the blue curves stop at a traffic demand level where the only way to further satisfy the increasing traffic demand is to start dropping ‘resource-expensive’ UEs beyond what a typical network would do.
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Figure 1. 50%-ile UE throughput versus satisfied traffic demand per macro area for (1/8,1,ABS) and (2/8,2,ABS) patterns.
The results in Figure 1 justify the use of (1/8,1,ABS) pattern over (2/8,2,ABS) from the system point of view, since the former allows for a higher network capacity (blues curves are always above the red curves). Note that the justified blanking rate, i.e. 1/8 or 12.5%, is significantly lower than that for some of the candidate patterns in [1], e.g.,

· (2/8,2,ABS) for FDD gives 25% blanking rate;

· (2/10,2,ABS) for TDD gives 20% blanking rate; 

· (2/10,1,MBSFN) for TDD gives 20% blanking rate.

Proposal 3: For defining measurement requirements under the constraint of the eICIC TDM patterns, consider patterns with blanking rate that does not exceed 15%.
6 Summary
The following is proposed in the current contribution:

Proposal 1: The requirements are to be specified in a generic way, whilst the subframe number restriction indicated in [1] shall be interpreted as a simulation assumption or specific example.
Proposal 2: Having a common cyclic shift for all patterns shall not justify by itself the restriction on UL/DL configurations to be covered by the requirements.
Proposal 3:  For defining measurement requirements under the constraint of the eICIC TDM patterns, consider patterns with blanking rate that does not exceed 15%.
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8 Appendix: Simulation Assumptions 
	Parameter
	Value

	Deployment scenario
	Configuration #4b, 4 LPNs [5]

	Inte-site distance
	500 m

	Traffic model
	Non-full buffer traffic

	Carrier frequency 
	2 GHz (E-UTRAN FDD band 1)

	Carrier bandwidth
	10 MHz

	Channel model
	ETU

	Pathloss model
	Model 1 [5]

	Lognormal shadowing standard deviation
	10 dB

	Penetration loss
	20 dB

	Macro eNode B antenna gain
	14 dBi

	Pico eNodeB antenna gain + connector loss
	5 dBi

	UE antenna gain
	0 dBi (omni)

	Macro eNode B maximum transmit power
	46 dBm

	Pico eNodeB maximum transmit power
	24 dBm

	Number of transmit antennas (macro and pico)
	2


