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1 Introduction

In Kobe meeting (RAN1#49), the DL distributed transmission has been discussed and some agreements were reached. However, the remaining issues are:  The number of PRBs a DVRB is mapped onto (Nd) and the signalling mechanism that supports the distributed transmission.
In this contribution, the above issues are discussed and some proposals are provided.

2 Number of PRBs a DVRB is mapped onto
There are at least two factors that influence the number of PRBs a DVRB is mapped onto (Nd):

· Frequency diversity gain: to achieve a large frequency diversity gain, a user’s data needs to be distributed across all the distributed resources.
· The number of UEs that are scheduled in the distributed transmissions per TTI: When there are a large number of active UEs in the distributed transmission, then the number of distributed PRBs (N_DPRB) can be increased. On other hand, if the number of active UEs reduces, then, the number of distributed PRBs (N_DPRB) must be adjusted accordingly to efficiently utilise the downlink resources.
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Based on the above factors, we propose that the number of PRBs a DVRB is mapped onto (Nd) should be configured from a limited set of values i.e. 2, 3, and 6 in semi-static manner taking also into account the SFBC Tx diversity. In this context, N_DPRB is always equal to Nd as shown in Figure 1.

Figure 1. The number of PRBs a DVRB is mapped onto. 
3 Distributed Resource Signalling 
DL distributed resources need to be signalled to the scheduled UE, i.e. the RBs that are allocated for distributed transmission and their specific location in time-frequency plane. In addition, the part (Nd) or number of subcarriers assigned for each UE must be signalled explicitly to the UE.
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Figure 2. DL distributed transmission, example N_DPRBs = 6 in 5MHz bandwidth.
eNB can derive the  indices of the location of the distributed PRBs for 
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using the following equation:             
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Where:
N_RB is the total RBs in the bandwidth and N_DPRB is the number of distributed PRBs.
P is a spacing defined as 
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, allows different starting index of the same distributed transmissions from different cells to avoid interference.

The location of PRBs allocated for distributed transmission can be signalled using tree-based method [5-6]. The tree-based method takes the starting resource block index O and the spacing between two distributed resource blocks P. The encoding and decoding processes are employed as follows:
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Example of encoding and decoding the signalling information:

Figure 2 shows 5MHz bandwidth, N =25RBs and number of distributed transmission N_PRBs = 6.

Encoding Process:
The starting resource block index O=2.

The spacing resource blocks P = 4.

So, the first conditional statement of the encoding equation becomes true:
x = N(P-1)+O = 25(4-1)+2 = 77. This value needs to be signalled to the UE as unsigned integer value.

 Decoding Process:

The values of P and O at the receiver can be extracted as follows:
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Then the values of O and P are as follows:

O = b = 2.

P= a = 4.
We can also derive the value of 
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After knowing the O and P at the UE, the indices of PRBs allocated for distributed transmission are derived from same equation as in equation (1). In the example the indices of the PRBs are as follows:
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2, 6, 10, 14, 18, 22 . It is the same as shown in Figure 2.
In addition, the part (Nd) or number of subcarriers assigned for each UE within the RB can be signalled using bitmapping as shown on Figure 2. It is also possible to use tree-based method with localised subcarrier mapping where N = 12.
3.1 Resource signalling for Persistently Scheduled UEs
For each persistently scheduled UE, the resource allocation can be sent from RRC signalling. The signalling message should contain the following two entities:

· Location of PRBs allocated for distributed transmission using signalling of tree-based method.

· The part (Nd) or number of subcarriers assigned for each UE within the RB using signalling of either bitmapping or tree-based.
 It can be seen that there is no need to use any other signalling mechanism such broadcasting channel (D-BCH) as the RRC signalling is always available for the persistently scheduled UEs at start of the call set-up.
3.2 Resource signalling for High Speed Dynamically scheduled UEs
For high speed UEs, the resource allocation must be done from L1L2 Control signalling. The signalling message should also contain the following two entities:

· Location of PRBs allocated for distributed transmission using signalling of tree-based method.

· The part (Nd) or number of subcarriers assigned for each UE within the RB using signalling of either bitmapping or tree-based.
Appendix A provides possible usage of L1L2 control signalling for both localised and distributed transmissions [7]. 
4 Multiple Distributed Transmissions in the same subframe 

If the number of distributed PRBs is restricted to a maximum value of 6 (N_DPRB = 6) taking into SFBC Tx diversity (see section 2), then, in order to accommodate fast traffic variations, it should be possible to create additional distributed transmissions when needed mainly for the larger bandwidths. So a set of distributed transmissions should be created as shown in Figure 3 below. D1 indicates the first distributed transmission and D2 is the second distributed transmission where both D1 and D2 are maximally distributed across the whole bandwidth.

 Figure 3. Concept of Multiple distributed transmissions in 5MHz bandwidth.

5 Conclusions

In this contribution, we have discussed the number of PRBs a DVRB is mapped onto and resource signalling methods for the distributed transmission. We propose the followings:

· The number of PRBs a DVRB is mapped onto (Nd) should be configured from a limited set of values i.e. 2, 3, and 6 in semi-static manner taking also into account the SFBC Tx diversity.

· For persistently scheduled UE, RRC signalling must be used for the distributed resource allocation signalling at the start of call set-up. Signalling should contain the followings:
· Location of PRBs allocated for distributed transmission using signalling of tree-based method described in section 3.

· The part (Nd) or number of subcarriers assigned for each UE within the RB using signalling of either bitmapping or tree-based.
· For high speed UE, L1L2 Control signalling must be used dynamically for the distributed resource allocation signalling. Signalling should contain the followings:
· Location of PRBs allocated for distributed transmission using signalling of tree-based method described in section 3.
· The part (Nd) or number of subcarriers assigned for each UE within the RB using signalling of either bitmapping or tree-based.
· In order to accommodate fast traffic variations, it should be possible to create multiple distributed transmissions when needed mainly for the larger bandwidths.
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7 Appendix A: L1L2 control signalling for both localised and distributed transmissions. 

	20MHz
	15MHz

	100 RBs
	75 RBs

	Resolution or RB Grouping 1,2,3
	Resolution or RB Grouping 1,2,3

	000
	34 bit, Upper part with 1RB resolution (34 RBs)
	000
	25 bit, Upper part with 1RB resolution (25 RBs)

	001
	34 bit, Middle part with 1RB resolution (34 RBs)
	001
	25 bit, Middle part with 1RB resolution (25 RBs)

	010
	34 bit, Lower part with 1RB resolution (34 RBs)
	010
	25 bit, Lower part with 1RB resolution (25 RBs)

	011
	34 bit, Upper + Middle parts with 2RB resolution (68 RBs)
	011
	25 bit, Upper + Middle parts with 2RB resolution (50 RBs)

	100
	34 bit, Lower + Middle parts with 2RB resolution (68 RBs)
	100
	25 bit, Lower + Middle parts with 2RB resolution (50 RBs)

	101
	34 bit, All with 3RB resolution (max 100 RBs)
	101
	25 bit, All with 3RB resolution (75 RBs)

	110
	34 bit, Concatenated two discontinuous localised assignments  using Tree-based method (13x2+padding = 34 bits)
	110
	25 bit, Concatenated two discontinuous localised assignments  using Tree-based method (12x2 = 24+padding =25 bits)

	111
	34 bit, Distributed RBs signalling using Tree-based (13 Bits) and subcarrier assignment using Bit-mapping method (12 bits),  in total = 13+12+padding = 34 bits.
	111
	25 bit, Distributed RBs signalling using Tree-based (12 Bits) and subcarrier assignment using Bit-mapping method (12 bits),  in total = 12+12+padding = 25 bits. 

 

	Total bits
	     3+34  = 37 bits
	      3+25 = 28 bits


	10MHz
	5MHz

	50 RBs
	25 RBs

	Resolution or RB Grouping 1,2
	Resolution or RB Grouping 1,2

	000
	25 bit, Upper part with 1RB resolution (25 RBs)
	00
	14 bit, Upper part with 1RB resolution(14 RBs)

	001
	25 bit, Lower part with 1RB resolution(25 RBs)
	01
	14 bit, Lower part with 1RB resolution(14 RBs)

	010
	25 bit, All with 2RB resolution (50 RBs)
	10
	14 bit, All with 2RB resolution (max 25 RBs)

	011
	25 bit, Concatenated two discontinuous localised assignments using Tree-based method (11x2 = 22+padding =25 bits).
	11
	14bit, Distributed RBs signalling using Tree-based (9 Bits) and subcarrier assignment using also Tree-based method (5 bits),  in total = 9+5 = 14 bits.

	100
	25 bit, Distributed RBs signalling using Tree-based (11 Bits) and subcarrier assignment using Bit-mapping method (12 bits),  in total = 11+12+padding = 25 bits. 

 
	           

	   Total bits 
	   3+25 = 28 bits
	       2+14 = 16 bits


	2.5MHz
	1.25MHz

	12 RBs
	6 RBs

	Resolution or RB Grouping 1,2
	Resolution or RB Grouping 1

	00
	6 bit, Upper part with 1RB resolution (6 RBs)
	0
	5 bit, All with 1RB resolution (6 RBs), all RBs are non- distributed transmissions.

	01
	6 bit, Lower part with 1RB resolution (6 RBs)
	1
	5 bit, all RBs are distributed transmissions and subcarrier assignments using Tree-method (5 bits).

	10
	6 bit, All with 2RB resolution (12 RBs)
	                              1+5 = 6 bits

	11
	6bits, Even or odd RBs are distributed (1bit) and subcarrier assignments using Tree-method (5 bits), in total =1+5 = 6bits.
	

	Total bits     =        2+6 = 8 bits
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