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1. Introduction

Within one subframe, distributed (for frequency diversity) and localized (resource block based) transmission modes will be multiplexed in an FDM manner.  Contribution [1] compared two different multiplexing options. 
· Distributed Allocations within all PRBs via Punctured Subcarriers. Within a PRB (physical resource block), may have data from both a localized virtual resource block (LVRB) and distributed virtual resource blocks DVRBs. (Option 2 from [2])
· Distributed Allocations within reserved PRBs. Within a PRB, only data from LVRB or DVRB, not both. (Option 3 from [2])
A hybrid approach was suggested to provide best frequency diversity when the fraction of bandwidth to be used for distributed allocations is e.g., less than 50%. 
This contribution contains a text proposal supporting both multiplexing options. For simplicity the size of a distributed VRB is equal to the size of a PRB (and equal to the localized VRB for Option 3). All resource allocations are made in integer multiples of VRBs. The smallest allocation is a single virtual resource block, which is appropriate for low-rate VoIP.
 The support of additional resource allocation granularity is FFS.

A note on control channel design:
The control channel design is FFS. It may be common (jointly coded), dedicated, or a mixture [3]. The fraction of distributed and localized bandwidth may be allowed to change on a frame-by-frame basis, or less frequently (semi-statically) via higher layer signaling. 

For RB-based (option 3), having a set NDVRBto PRB map [4] can both guarantee good frequency diversity for the distributed allocations and reduce signaling overhead (though the overhead savings over a PRB bit-map may be small if common control is used). It may also help reduce CQI report size, as was desired in [5]. An example map is shown in section 2 of [4]. However, this map does not spread the PRBs adequately for higher fractions of distributed allocations, precisely when (option 3) is most beneficial. For example, If NPRB= 12, allocations of 7 DVRBs will occur only over the first 7 PRBs, resulting in reduced diversity. An alternative mapping is to define the PRB skip factor, S, (or spacing factor) as follows, 
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 PRB indices for distributed transmission are given by, 
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For example, if NPRB = 12 the bitmaps for various NDVRB allocations corresponding to PRB indices used for distributed allocations are given below.

	N_DVRB
	S
	Bitmap

	1
	12
	100000000000

	2
	6
	100000100000

	3
	4
	100010001000

	4
	3
	100100100100

	5
	3
	110100100100

	6
	2
	101010101010

	7
	2
	111010101010

	8
	2
	111110101010

	9
	2
	111111101010

	10
	2
	111111111010

	11
	2
	111111111110

	12
	1
	111111111111
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3. Text Proposal

[In section 7.1.2.1.1 Downlink Data Multiplexing in 3GPP TR 25.814 v1.0.2 (2006-1), replace “The exact rules for mapping VRBs to PRBs are FFS” with the following.]

The number of available physical resource blocks is NPRB. The size of a distributed VRB, SVD, is equal to the size of a PRB, SPRB. All distributed resource allocations are made in integer multiples of VRBs. The number of virtual resource blocks to be used for distributed allocations (all users) is NDVRB. The NDVRB distributed VRBs are indexed as, 
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A hybrid approach to distributed allocation is used to ensure adequate frequency diversity for distributed allocations. If the total fraction of bandwidth to be used for distributed allocations is less than 0.5, i.e., NDVRB/NPRB < 0.5, mapping of distributed VRB to PRB allocations as described in 7.1.2.1.1.1 is used, otherwise the mapping described in 7.1.2.1.1.2 is used. Fractions other than 0.5 are FFS.

7.1.2.1.1.1 Distributed Allocations within all PRBs via Punctured Subcarriers

In this allocation approach, a PRB may contain data from both localized VRB (LVRB) and distributed VRB (DVRB).  The number of data modulation symbols, NMS, in a VRB is less than or equal to the number of OFDM symbols in a subframe times the number of subcarriers in a PRB (NMS <= N*M) as some of the time-frequency resources in a PRB may be used for other purposes such as reference signals, control, etc.Each distributed VRB will be mapped to all PRBs as explained below.
Each distributed VRB is split into NPRB parts, Pi,j  . Pi,j  is part j of distributed VRB i. Measured in modulation symbols, the size of part Pi,j , Si,j, is given by,
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It is FFS whether to restrict the size of the parts to integer number of subcarriers (replace NMS with M), or to have more than one part with size, 
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The jth PRB will contain distributed VRB parts = Pi,j  for 
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where NDVRB is the number of distributed virtual resource blocks. It is FFS how parts are mapped within the PRB, depending on how much frequency diversity is desired. If no additional frequency diversity is desired, the the modulation symbols of Pi,j may be mapped to PRB j in a time first manner (first to last OFDM symbol on a subcarrier before filling the next subcarrier), with the part offset into the PRB equal to the DVRB index i. For more frequency diversity, the modulation symbols or subcarriers of the parts may be distributed within the PRB.
7.1.2.1.1.2 Distributed Allocations within reserved PRBs

In this allocation approach, a PRB contains data from only localized VRB (LVRB) or distributed VRB (DVRB) but not both. The size of a localized VRB, SVL, is equal to the size of a PRB, SPRB and a localized VRB maps to a single PRB.
The number of data modulation symbols MS in a VRB is less than or equal to the number of OFDM symbols in a subframe times the number of subcarriers in a PRB (NMS <= N*M) as some of the time-frequency resources in a PRB may be used for other purposes such as reference signals, control, etc. The support of additional resource allocation granularity is FFS.

The number of resource blocks to be used for localized (i.e., resource block based) scheduling in a frame is NLVRB. The localized resource blocks assigned need not be contiguous. The number of physical resource blocks to be used for distributed allocations (all users) is given by,
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Since the size of a distributed VRB is the same as a PRB and a PRB contains data from only localized VRB or distributed VRB but not both, the number of distributed VRB is the same as the number of PRBs used for distributed allocations, i.e., 
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The distributed VRB will be mapped to the PRBs not used by localized users. The NDVRB distributed VRBs are indexed as, 
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Each distributed VRB is split into NDVRB parts, Pi,j. Pi,j is part j of the i distributed VRB i. Measured in modulation symbols, the size of part Pi,j , Si,j, is given by,
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It is FFS whether to restrict the size of the parts to integer number of subcarriers (replace NMS with M), or to have more than one part with size, 
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The jth PRB will contain distributed VRB parts = Pi,j  for 
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. The part offset into the PRB is equal to the DVRB index i. The modulation symbols of Pi,j are mapped to PRB j in a time first manner (first to last OFDM symbol on a subcarrier before filling the next subcarrier). An example is shown in Figure X.X. 
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Figure X.X: Mapping of parts of DVRBs to PRBs. The DVRBs may be for one or multiple users.
A fixed NDVRB to PRB map can both guarantee good frequency diversity for the distributed allocations and reduce signaling overhead. Let the PRB skip factor, S, be defined as, 
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Then the NDPRB PRB indices for distributed transmission, for 
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For example, if NPRB = 12 the bitmaps for various NDVRB allocations corresponding to PRB indices used for distributed allocations are given below.

Table X.X-1.: Example bitmaps for various NDVRB allocations corresponding to PRB indices used for distributed allocations with NPRB = 12.
	N_DVRB
	S
	Bitmap

	1
	12
	100000000000

	2
	6
	100000100000

	3
	4
	100010001000

	4
	3
	100100100100

	5
	3
	110100100100

	6
	2
	101010101010

	7
	2
	111010101010

	8
	2
	111110101010

	9
	2
	111111101010

	10
	2
	111111111010

	11
	2
	111111111110

	12
	1
	111111111111






























































































































































































































































� A PRB of 5*25=125 modulation symbols for data corresponds to 6.25kbps for VoIP (vocoder+overhead) with QPSK R=1/2. 
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