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1 Introduction

In Kobe meeting (RAN1#49), the DL distributed transmission has been discussed and some agreements were reached. In addition, in RAN1#49Bis, we agreed:

· Allow the use of the small payload size PDCCH format also for signalling of downlink scheduling information.
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 well-spaced 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.
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. 
When Nd = 2 and/or 3, it has been discussed in detail in reference [7]. However, we further improve with the following point:

· It should be possible a UE to be allocated more than 1RB in case it has large data to be transmitted in distributed manner.
3 Distributed Resource Signalling when Nd=2 or 3

For distributed transmission, it shall be possible to allocate more than 1RB for a UE. Figure 1 shows an example of contiguous resource allocations of 1RB, 2RB and 6RB when Nd = 2 or 3. 
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 Figure 1. Distributed Resource Signalling of 1RB, 2RB, 4RB or 6RB for one UE when Nd = 2 or 3.

In order to signal a contiguous number of RBs allocated for distributed transmission for the scheduled UEs, we propose the following two methods:
Method1: Tree-based method allows signalling contiguous RBs for the scheduled UEs [3-4].
Method2: To signal the starting RB index and fixed number of contiguous RBs (1, 2, 4 or 6), up to six RBs which could be a maximum allowable RBs for a UE for one TTI in distributed manner. Let’s assume the starting RB index is denoted by O and a number of contiguous RBs P represented by 2bits up to 4 possibilities as shown Table 1 as an example.
   Table 1: Mapping of 2bits up to 6RBs for Nd =2 and Nd =3.
	bits
	Nd = 2 (Example on Figure 2a) 
	Nd = 3 (Example on Figure 2b)

	00
	1RB
	RB index 0 
	1RB
	RB index 0 

	01
	2RB
	RB index 0 and 6
	2RB
	RB index 0 and 8

	10
	4RB
	RB index 0,6,1,7
	4RB
	RB index 0,8,4,1

	11
	6RB
	RB index 0,6,1,7,2,8
	6RB
	RB index 0,8,4,1,9,5


The number of bits required for each method is summarised below:
Table 2: Number of bits required for resource allocation signalling.

	Bandwith

MHz
	Range of O Method2
	Range of P Method2 
	Total number of bits required

	
	
	
	Method1
	Method2 (O+P)

	5
	0-24
	0-3
	9
	7

	10
	0-49
	0-3
	11
	8

	15
	0-74
	0-3
	12
	9

	20
	0-99
	0-3
	13
	9


4 Distributed Resource Signalling when Nd=6
When Nd=6, we propose the concept of multiple distributed transmissions. In this proposal, the number of distributed PRBs for each Nd is restricted to a maximum value of 6 (Nd = N_DPRB = 6) taking into account the SFBC Tx diversity. Then, in order to accommodate fast traffic variations, it should be possible to create additional distributed transmissions when needed mainly for the larger bandwidths. As a result, a set of distributed transmissions are created as shown in Figure 2. Set D1 = {2,6,10,14,18,22} indicates the first distributed transmission and set D2 = {3,7,11,15,19,23} is the second distributed transmission where both set D1 and D2 are maximally distributed across the whole bandwidth. However, the scheduled UE is assigned only one distributed transmission at particular instant. Further more, eNB can turn the distributed RBs into localised RBs by applying 1-bit signalling in the L1L2 control channel when UE is scheduled in localised transmissions. 

 Figure 2. Concept of Multiple distributed transmissions in 5MHz bandwidth when Nd = 6.
eNB can derive the  indices of the location of the distributed PRBs for 
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Where:
N_RB is the total RBs in the bandwidth and N_DPRB is the number of distributed PRBs restricted to 6 (Nd = N_DPRB = 6).

P is a spacing defined as 
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D = 0, 2, 3…P-1; is the starting index offset for the distributed transmission (i.e. the set).

Signalling procedure between eNB and UE:

· There are P 'sets' at the eNB, denoted by D = 0,1,...,P-1;
· The NodeB picks one set (i.e. D) and signals it to the UE.

· The UE calculates the distributed RBs as  j[i]=D + i*P mod N_RB;
· Different eNBs should select different values of D to avoid interference.
Method3: A scheduled UE needs to know which set is assigned as above. In that case, the starting index of the set must be signalled to the UE. Table 3 shows the maximum number of distributed transmissions (i.e. number of sets) that can be supported for each bandwidth. In addition, UE needs to know which part (Nd) within the RB to decode. In this case, a Bit-mapping can be used as shown in Figure 2. When Bit-mapping is used for Nd part it is possible one UE to be assigned to multiple RBs up to six in a TTI. 
   Table 3: Number of distributed transmissions that can be supported for each bandwidth.
	Bandwidth

(MHz)
	Number of  sets P
	Number of bits to represent P sets.
	Number of bits

for Nd part using Bit-mapping.
	Total number of bits to be signalled (P+Nd)

	5
	4
	2
	6
	8

	10
	8
	3
	6
	9

	15
	12
	4
	6
	10

	20
	16
	4
	6
	10


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 PDCCH format with small payload size should be used for signalling the downlink distributed scheduling information.

· 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.

· When Nd=6, in order to accommodate fast traffic variations, it should be possible to create additional distributed transmissions when needed mainly for the larger bandwidths.
· When Nd =2 or 3, Method 1 or 2 be accepted for distributed resource signalling.
· When Nd =6, Method 3 be accepted for distributed resource signalling.
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