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1. Introduction
In the RAN 1 #48 St. Louis meeting, it was agreed that the configured codebook shall be equal to the defined codebook or a subset thereof [1]. By using a subset of the full codebook, the feedback overhead can be reduced. This is one advantage of using a subset instead of a full codebook. The other advantage is to support different UE situations. When multiple subsets are defined, they can be used depending on the situations. For example, a large size subset is suitable when a UE requires high performance. A small size subset is suitable for a UE that is moving quickly and cannot achieve better performance even by using a large size subset. For the above reasons, multiple subsets are useful to support UEs who have different situations. When multiple subsets are defined, they can be used not only for multiple UEs, but also for multiple RBs. In this document, we describe a scheme where multiple codebook subsets are used for multiple RBs. By simulation, it is shown that the scheme can improve throughput performance compared to a scheme employing a single subset for all RBs. 
2. Codebook subset scheme
In [1], it is defined that the configured codebook shall be equal to Table 5 of [1] or a subset thereof. By using a subset of the full codebook, the feedback overhead can be reduced. Moreover, when multiple subsets are defined, they are useful to support different channel conditions or QoS requirements. Such multiple subsets can be used for not only multiple UEs, but also for multiple RBs. In the following, we describe a scheme utilizing multiple subsets for multiple RBs, by using a simple example.
When only one subset is defined, the subset is used in the whole band as described in Figure 1-(a). On the other hand, when multiple subsets are defined, they can be mapped for each RB. Now, we denote the codebook defined in [1] as CBfull, and define two subsets CBp1 and CBp2 which are of equal size. It was agreed that the frequency granularity of the pre-coding feedback information is N (=4/5/6) RBs. In this case, the two subsets can be mapped to each N-RBs as described in Figure 1-(b). Since UEs calculate and transmit PMI for each N RBs, there are no additional calculation and PMI overheads.
UEs report CQI as well as PMI. CQI indicates the best RBs. PMI indicates the best pre-coding vector in the codebook subset mapped to the RBs. When the channel is highly correlated over 2N RBs, the set of CQI and PMI of the 2N RBs indicates the best pre-coding vector from the combination of CBp1 and CBp2 for the channel in the 2N RBs. As a result, UE can choose the better pre-coding vector and can achieve better performance. Obviously, it is better to choose CBp1 and CBp2 so that CBp1
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CBp2 is an empty set. 
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(a) Single subset
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(b) Multiple subsets

Figure 1: Codebooks utilization example
3. Performance Evaluation

To evaluate the scheme described in Section 2, we carried out a link-level evaluation based on channel capacity [2]. The simulation parameters are described in Table 2. The codebook subsets are as follows.
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The size of both subsets is two. By using the two subsets, following three schemes are evaluated.


Single subset (size=2)
: CBp1 is used for all RBs (Fig.1-(a)).

Single subset (size=4) 
: the combination of CBp1 and CBp2 is used for all RBs.


Multiple subset (size=2)
: CBp1 and CBp2 are used for each N RBs (Fig.1-(b)).
In Figure 2 and Figure 3, the simulation results for 10MHz and 5MHz bandwidth are shown respectively. As shown in these figures, multiple subsets scheme can achieve the almost middle performance between single subset (size=2) and single subset (size=4). Please note that single subset (size=4) needs double PMI overhead as the other two schemes. On the other hand, the multiple subsets scheme can improve performance without any additional overhead.
Table 1: Simulation parameters

	Bandwidth
	5/10 MHz

	Carrier Frequency
	2 GHz

	Sub-carrier spacing
	15kHz

	RB bandwidth
	180 kHz

	PMI granularity
	4 RB

	sub-frame length
	1msec

	# of Tx/Rx antenna
	2/1

	Number of cells

in the same NodeB
	3

	FFT timing detection
	Ideal

	Channel estimation
	ZF

	Channel Model
	Typical Urban 6 path
with LOS path (K=4)

	Average Received SNR
	10 dB

	Doppler frequency
	5.55Hz

	Schedule algorithm
	Proportional Fair

	Traffic model
	Full buffer traffic
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Figure 2: Spectrum efficiency (10 MHz)
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Figure 3: Spectrum efficiency (5 MHz)

4. Summary

We have described a scheme utilizing multiple subsets of the full codebook for multiple RBs. By simulation, we showed that the scheme can improve the performance without any additional PMI overhead.  This technique can be applied to multiple subsets which contain more than two pre-coding vectors including rank-2 and rank-4.
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