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1 Introduction

According to the current TR [1], both block-wise transmission (localized) and transmission on non-consecutive (scattered, distributed) sub-carriers are to be supported in downlink of EUTRA. To describe this in the TR, the notion of virtual resource block (VRB) was introduced in addition to the notion of physical resource block (PRB). However, the exact rules for mapping VRBs to PRBs are still FFS even though a number of contributions have been presented and discussed in RAN1 ([2] – [8]).
In this document, we focus on the mapping rules. First of all, the rules presented by many companies are summarized and compared in section 2 from the perspective of performance and control signaling overhead. We then discuss more details on the method proposed by Samsung in section 3, especially focusing on the questions or concerns raised during the last Ad Hoc meeting in Helsinki. Finally, we summarize the works in this document in section 4.
2 Summary and comparison of the rules presented by companies
2.1 Pure LVRB or DVRB mapping in a sub-frame

Rules for pure LVRB or DVRB mapping to PRBs in a sub-frame is straightforward as shown in Figure 1. It therefore seems that companies have similar views on this scenario. An illustration of pure LVRB and DVRB mapping to PRBs is shown in Figure 1, (a) and (b), respectively. Frequency hopping in DVRB mapping is not illustrated in the figure. However, it can be helpful in terms of randomization of the other cell interference. Figure 1, (c) illustrates the TDM of the pure LVRB and DVRB mapping on sub-frame basis.
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Figure 1. Example of pure LVRB or DVRB mapping to PRBs in a sub-frame and TDM of pure LVRB or DVRB mapping on sub-frame basis
2.2 Hybrid LVRB and DVRB mapping in a sub-frame

Major different views between companies exist in hybrid LVRB and DVRB mapping in a sub-frame. 
The rules for the hybrid mapping presented by companies can be classified into the following three methods;

1) Method 1: Puncturing of PRBs of Localized allocation for DVRB mapping ([2], [3], [4], and [5])
For DVRB mapping, the rule is exactly same as pure DVRB mapping rule shown in figure 1, (b). On the other hands, LVRB mapping rule changes depending on the number of DVRBs assigned in such a way that PRBs of localized allocation are punctured by the DVRB mapping. Therefore, UEs with LVRB assignment should be aware of DVRB allocation (or configuration in case of semi-static assignment). An illustration of this method is shown in Figure 2, (a).
2) Method 2: Stretching of PRBs of Localized allocation due to DVRB mapping ([3] and [4])

DVRB mapping rule is same as that in method 1. On the other hands, LVRB mapping rule changes depending on the number of DVRBs assigned in such a way that PRBs of localized allocation are stretched so as to compensate the resources for LVRB mapping for the puncturing loss from DVRB mapping. Therefore, UEs with LVRB assignment should be aware of DVRB allocation (or configuration in case of semi-static assignment). An illustration of this method is shown in Figure 1, (b).
3) Method 3: Reconstruction of DVRB mapping rule depending on the number of DVRB assignment ([5], [6], [7], and [8])
For LVRB mapping, the rule is exactly same as pure LVRB mapping rule shown in figure 1, (a). On the other hands, DVRB mapping rule is reconstructed based on the number of PRBs for DVRBs and their positions, i.e., which PRBs are used for DVRB mapping, in such a way that a DVRB is spread over the PRBs used for DVRB mapping. Therefore, the UEs with DVRB assignment should be aware of the number of PRBs for DVRBs and their positions. Note that the proposal in [6] reduced the signaling overhead required for DVRB mapping at a similar level to that for method 1 or 2, by introducing a special mapping rule between the number of PRBs for DVRB and their position. An illustration of this method is shown in Figure 1, (c).
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Figure 2. Classification of rules for mapping VRBs to PRBs proposed by different companies
Table 1 summarizes the three hybrid methods.
Table 1. Summary of hybrid mapping rules
	Hybrid method
	How to map LVRBs to PRBs?
	How to map DVRBs to PRBs?
	Signaling need for DVRB UEs
	Signaling need for LVRB UEs

	Method 1

(Figure 2, (a))
	Dependent on DVRB mapping, i.e., the number of DVRBs assigned.
	Same as pure DVRB mapping
	DVRB allocation information 
	The number of DVRBs

plus

DVRB allocation information

	Method 2

(Figure 2, (b))
	Dependent on DVRB mapping, i.e., the number of DVRBs assigned.
	Same as pure DVRB mapping
	DVRB allocation information
	The number of DVRBs

plus

DVRB allocation information

	Method 3

(Figure 2, (c))
	Same as pure LVRB mapping
	Dependent on the number of PRBS for DVRB mapping and their positions.
	The number of PRBs for DVRB mapping and their positions, and
DVRB allocation information
	LVRB allocation information


2.3 Comparison of hybrid mapping rules
Performance

For DVRB UEs, “Method 1” or “Method 2” provides better performance than “Method 3” by ‘0’ to ‘5’ dB depending on the scenario [8]. 
Signaling overhead

All the methods require similar amount of control signaling overhead. In a dynamic configuration approach, where portion of DVRBs and LVRBs can be changed on sub-frame basis, all the methods require signaling of the number of DVRBs assigned in a sub-frame in addition to the information of DVRB and LVRB allocation to each UE. On the other hand, in a semi-static configuration approach, where portion of DVRBs and LVRBs doesn’t change for a given a bit long duration, only the information of DVRB and LVRB allocation to each UE is required assuming that the configuration information of DVRB and LVRB for the given duration is broadcast.
3 More discussions on the “Method 1”
In this section, we discuss more details on the method 1, especially focusing on the questions or concerns on the method raised during the last Helsinki Ad Hoc meeting.
Question 1: Does method 1 require more control signaling overhead than method 3?

Answer: No. In general, “Method 3” requires rather more control signaling overhead than “Method 1” or “Method 2”. However, it could be similar in case a special mapping rule such as proposed in [6] between the number of PRBs for DVRB mapping and their positions is defined for the “Method 3”. (Refer to section 2 for more details)
Question 2: Not desirable is the variation of LVRB size due to the resource puncturing operation?

Answer: Variation of LVRB size seems unavoidable in downlink of EUTRA, since various kinds of resource puncturing in a sub-frame would be required anyway in order to maximize the resource utilization, e.g., 

· Different amount of PRB puncturing from common pilot insertion according to different antenna configuration.

· PRB puncturing in sub-frames including preamble (or a synchronization channel) over e.g., a few OFDM symbols. (Details depends on synchronization channel design)
· PRB puncturing in sub-frames including broadcast channel (or common control channel) over e.g., a few OFDM symbols. (Details depends on synchronization channel design)

· Different amount of PRB puncturing for the shared control channel transmissions in each sub-frame. Note that the shared control channel would be transmitted only in the first sub-frame in case longer TTI is used.
Consequently, variation of amount of resources available in a PRB should be taken into account in EUTRA downlink.

Question 3: When is the hybrid mapping beneficial on top of supporting TDM of pure LVRB and DVRB mapping on sub-frame basis?
Answer: Basic transmission scheme in downlink of EUTRA would be “Block-wise transmission” so as to maximize the spectral efficiency of the system. “Scattered transmission” would be additionally used for special cases, e.g., high-speed users. The hybrid mapping of “Method 1” is desirable when the number of high-speed users are small compared to the low-speed users (with block-wise transmission). On the other hand, when the number of high-speed users is comparable to that of low-speed users, TDM of pure LVRB and DVRB mapping would be desirable.
4 Conclusion
In this document, we summarized and compared the rules for mapping VRBs to PRBs presented by many companies so far. The rules were classified into three methods, “Method 1”, puncturing of PRBs of Localized allocation for DVRB mapping, “Method 2”, stretching of PRBs of Localized allocation due to DVRB mapping, and “Method 3”, recalculation of DVRB mapping depending on the number of DVRB assignment. Among the three methods, “Method 1” or “Method 2” is better than “Method 3” based on the discussions.

Consequently, we are proposing to take the puncturing based mapping rules between VRBs and PRBs as the baseline for the evaluation purpose. Relevant text proposal is provided in [9]. 
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