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1. Introduction

Small cell enhancement with low power nodes for hotspot zone has drawn a lot of interests on companies. Discussions on scenarios and requirements for small cell enhancement on RAN e-mail reflector are captured in TR 36.932 [1]. On the other hand, in RAN #58, new study item for small cell enhancement on physical layer aspect is approved [2]. Work plan for small cell enhancement is also proposed in [3]. One objective in the work plan is to study potential enhancement to improve the spectrum efficiency. This contribution provides our views on the possible techniques to improve the spectrum efficiency and specifies the corresponding evaluation assumptions for these techniques.
2. Techniques for Improved Spectrum Efficiency
UEs served by small cell are expected to suffer from low pathloss and therefore enjoy better channel gain. In addition, small cells have smaller cell coverage compared to typical macro cell. Low mobility UEs work well under small cell while high mobility UE should be prevented from small cell due to possible frequent handover/cell-reselection. As a result, the small cell enhancement should focus on UEs having the following two properties:
1. high SINR

2. low mobility
Based on these two properties, several possible techniques to improve the spectrum efficiency can be identified as follows.
Higher order modulation
The most intuitive way to improve the spectrum efficiency is using higher order modulation (e.g. 256 QAM). The introducing of higher order modulation may have spec impact on MCS index in DCI, MCS index mapping to TBS index and the TBS table. If new modulation scheme is introduced, the current number of MCS index bits in DCI may not be enough. On the other hand, no matter more MCS index bits are added or not, the MCS index mapping to TBS index and the TBS table should be modified. Current MCS index mapping to TBS index is defined in table 1 [4]. At this stage to study the possible benefits from small cell enhancement, we suggest keeping 5 bits for MCS index and have some modifications on the table 1 for simplicity. For example, some MCS indices mapping are replaced by 256 QAM. Because one more overlap region and one more reserved index for redundancy version with 256 QAM are needed, TBS index 0 and 1 can be deleted to maintain the same number of MCS indices. Table 2 shows one example of possible modified mapping.
New TBS table can be constructed by the similar principle in rel-8 [5]. It is noted that in current TBS table, the largest TBSs were adjusted to achieve peak rate scaling for different bandwidth [6]. For simplicity on evaluation, we may neglect the problem of peak rate scaling and simply follow the principle in [5]. An example of new TBS table for NPRB = 50 (10MHz) is shown in table 3. The CQI table needs to be modified according to the new TBS table, too. In conclusion, 256 QAM should be assumed when evaluating the small cell enhancement performance. Modified TBS table and MCS index to TBS index mapping should also be considered. The same length of MCS index (5 bits) is suggested..
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UE-specific reference signal reduction and multi-subframe scheduling
Overhead reduction on reference signal and using multi-subframe scheduling provide other possibilities for improved spectral efficiency. Considering that small cells are often deployed in the hotspot area, lower delay spread may be expected in some scenarios (e.g. indoor deployment). On the other hand, low mobility UEs experience time-invariant channel. With larger channel coherence bandwidth and coherence time, reasonable reduction on the density of reference signals can bring improvement on spectral efficiency. In addition, with high SINR, the impact of inaccurate channel estimation is not that severe. Considering the time-invariant channel, it is also valid to utilize multi-subframe scheduling to reduce downlink control signaling by using one DCI message to schedule multiple continuous bundling subframes for PDSCH transmission.
However, to ensure that small cells can be assessed by the legacy UE, CRS cannot be reduced. Since UE-specific reference signals cannot be interpolated over different PRBs in general, reduction on DMRS density over frequency domain may require further study. As a result, we suggest keeping the same DMRS density over frequency domain (3 of 12) when evaluating the performance gain brought by small cell. For reduction on DMRS density over time domain, we suggest doing this only when multi-subframe scheduling is also applied. When multi-subframe scheduling is applied, channel interpolation utilizing DMRS from past subframes can be achieved since the scheduled PRB pairs and the corresponding precoding vectors can be assumed to be the same among the bundling subframes. Therefore, more precise channel estimation can be achieved and performance loss due to lower density of DMRS can be alleviated. Fig.1 shows an example for the DMRS reduction. The DMRS in the first subframe is not reduced since there are no DMRS from past subframes can be utilized. The rest subframes can utilize the DMRS REs from past subframes for channel interpolation. It is noted that to achieve this reduction, the length-4 orthogonal sequence on DMRS should be reduced to length-2. And this reduction can only be used when antenna ports 11~14 are not activated. Generally if more than 4 antenna ports are used, high rate is achieved and it is not that necessary to have reduction on DMRS.  In our opinion, bundling size with 2 and 4 (8 can also be considered) subframes can be assumed when doing evaluation. The bundling subframes (except for the first subframe) can be assumed to have reduction on DMRS when at most 4 antenna ports are used. For the example in fig.1, with 4 bundling subframes, 3 legacy PDCCH symbols, 4 DMRS ports and 2 CRS ports for each subframe, the available REs for PDSCH transmission can be improved by 9.38% from the reduction on DMRS. In conclusion, both UE-specific reference signal reduction and multi-subframe scheduling should be considered during the evaluation. We suggest having UE-specific reference signal reduction only when multi-subframe scheduling is also applied. The bundling subframes can use the UE-specific reference signals from the past subframes. Accordingly, the performance loss due to reduction on UE-specific reference signals can be alleviated. Bundling size with 2 and 4 (8 can also be considered) subframes are suggested to be evaluated.
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Figure 1 Reduction on DMRS when multi-subframe scheduling is applied
3. Conclusion
In this contribution, we discuss the possible techniques to improve spectral efficiency under small cell deployment. 256 QAM should be assumed when evaluating the small cell enhancement performance. Modified TBS table and MCS index to TBS index mapping should also be considered. The same length of MCS index (5 bits) is suggested. On the other hand, both UE-specific reference signal reduction and multi-subframe scheduling should be considered during the evaluation. We suggest having UE-specific reference signal reduction only when multi-subframe scheduling is also applied. The bundling subframes can use the UE-specific reference signals from the past subframes. Accordingly, the performance loss due to reduction on UE-specific reference signals can be alleviated. Bundling size with 2 and 4 (8 can also be considered) subframes are suggested to be evaluated.
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Table 2 Modulation and TBS index table for PDSCH with 256 QAM
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Table 3 TBS table for small cell PDSCH (NPRB = 50)


� EMBED Equation.3  ����
� EMBED Equation.3  ����
�
�
50�
�
0�
1384�
�
1�
1800�
�
2�
2216�
�
3�
2856�
�
4�
3624�
�
5�
4392�
�
6�
5160�
�
7�
6200�
�
8�
6968�
�
9�
7992�
�
10�
8760�
�
11�
9912�
�
12�
11448�
�
13�
12960�
�
14�
14112�
�
15�
15264�
�
16�
16416�
�
17�
18336�
�
18�
19848�
�
19�
21384�
�
20�
22920�
�
21�
25456 26416�
�
22�
2737630576�
�
23�
2833634008�
�
24�
3057637888�
�
25�
3170440576�
�
26�
3669643816�
�









1

[image: image5.wmf]MCS

I

[image: image6.wmf]m

Q

[image: image7.wmf]TBS

I

[image: image8.wmf]MCS

I

[image: image9.wmf]m

Q

[image: image10.wmf]TBS

I

[image: image11.wmf]TBS

I

[image: image12.wmf]PRB

N

_1272273083.unknown

_1272273280.unknown

_1420011363.vsd
�


_1272273310.unknown

_1272272823.unknown

