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1 Introduction

As we know, both localized and distributed transmissions have their own advantages in different scenarios. In general, localized transmission is proper for low velocity and frequency scheduling is often used while distributed transmission is adopted in the situation that the speed is high or the broadcast service is applied. From the viewpoint above, both localized and distributed transmissions are considered in the E-UTRA downlink. 
Although FDM is prescribed as the principle for multiplexing localized and distributed resources in one subframe, there are still many options on how to implement it. Several contributions presented some methods in the previous meetings while they were not treated because of the limited time. 

In this contribution, we first present some important simulation results to guide the design of downlink data multiplexing and mapping rules. Then we also give a complete multiplexing scheme and finally the relative control signalings are also presented in the contribution. 

2 Multiplexing through Pucturing

One method of multiplexing localsed and distributed transmission is puncturing. We first divide the whole available subcarriers into several resource blocks called PRB and each PRB has equal consecutive number of subcarriers (e.g. for 10M system, if we have 600 useful subcarriers, they can be divided into 24 PRBs and each PRB has 25 subcarriers). Each LVRB can be mapped into one PRB while each DVRB is mapping into several PRBs through puncturing. Obviously, if we use puncturing, the performance of localized data will be worse especially for the short FED. Figure 1 illustrates the impact of different puncture number. The results show that even only one subcarrier is punctured for distributed transmission, the performance of localized transmission becomes relative much worse (around 1.5dB) and the more the PRB is punctured the worse the performance of localized transmission becomes, so we can draw a conclusion that puncturing is not a good way to multiplex localized and distributed data.
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Fig 1-Puncturing Subcarriers in one LVRB

It is noted that the simulation results are based on the following parameters:

BW = 10M, PRB = 25 subcarries, LVRB = DVRB = 25 subcarriers, Channel Model: TU 6 paths, 30km/h

3 Diversity Degree of Distributed Mapping

It is well known that distributed mapping has the frequency diversity gain and obviously we also know that if the DVRB occupies wider BW, more diversity gain will be obtained while the gain becomes less and less with the occupied BW gets larger and larger. Since the principle of multiplexing distributed and localised data is FDM, there are many restrictions for allocation of localized data if too large BW area is assigned for distributed data. In other words, we must limit the physical BW when the DVRB is mapped into PRB while the frequency diversity gain can also be guaranteed.

Figure 2 shows the different diversity gains in different BW for distributed data. From the results we can see that 2.5M can present sufficient diversity gain and 1.25M has a little less gain than 2.5M. Considering the basic system BW is 1.25M, we still use 1.25M as the occupied BW for each DVRB. It is noted that here the BW does not refer to all the subcarriers in it. It is only refer to the scale of one DVRB in frequency domain.
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Fig 2-Frequency Diversity Gain 

4 Multiplexing of Localized and Distributed Data
As usual, we first divide the whole available subcarriers into several resource blocks called PRB and each PRB has equal consecutive number of subcarriers (e.g. for 10M system, if we have 600 useful subcarriers, they can be divided into 24 PRBs and each PRB has 25 subcarriers).

Each LVRB can be mapped into one PRB while each DVRB is mapping into several PRBs, see figure 3 and figure 4. If we define that the size of DVRB is equal to the size of LVRB, we can easily conlude that the number of PRB in one subframe is equal to the sum of LVRB and DVRB. 
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 Fig 3- Example of LVRB Mapping into PRB
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Fig 4-Example of DVRB Mapping into PRB 
In order to get full frequency scheduling gain, LVRBs are mapped into PRBs first. That is to say, the physical location of each LVRB is different and identified by the signaling. As we mentioned above, if DVRB exists in one subframe, it must span at least 1.25M. In other word, the number of DVRB should be multiple of 3 (namly 0, 3, 6 …) according to the parameters set in [1], here each PRB, LVRB and DVRB occupies 25 subcarriers.

Table 1 lists all possibilities of the number of LVRB and DVRB in one subframe in different BW cases. Noted that for example L (0-3) / D (0-3) represents the number of LVRB can be 0-3 and the number of DVRB can be 0-3 in the same subframe and the results depend on the parameters mentioned above.

Table 1 Number of DVRB and LVRB in a subframe
	N
	1.25M
	2.5M
	5M
	10M
	20M

	0
	L (0-3) / D (0)
	L (0-6) / D (0)
	L (0-12) / D (0)
	L (0-24) / D (0)
	L (0-48) / D (0)

	1
	L (0) / D (0-3)
	L (0-3) / D (0-3)
	L (0-9) / D (0-3)
	L (0-21) / D (0-3)
	L (0-45) / D (0-3)

	2
	
	L (0) / D (0-6)
	L (0-6) / D (0-6)
	L (0-18) / D (0-6)
	L (0-42) / D (0-6)

	3
	
	
	L (0-3) / D (0-9)
	 L (0-15) / D (0-9)
	L (0-39) / D (0-9)

	4
	
	
	L (0) / D (12)
	L (0-12) / D (0-12)
	L (0-36) / D (0-12)

	5
	
	
	
	L (0-9) / D (0-15)
	L (0-33) / D (0-15)

	6
	
	
	
	L (0-6) / D (0-18)
	L (0-30) / D (0-18)

	7
	
	
	
	L (0-3) / D (0-21)
	L (0-27) / D (0-21)

	8
	
	
	
	L (0) / D (0-24)
	L (0-24) / D (0-24)

	9
	
	
	
	
	L (0-21) / D (0-27)

	10
	
	
	
	
	L (0-18) / D (0-30)

	11
	
	
	
	
	 L (0-15) / D (0-33)

	12
	
	
	
	
	L (0-12) / D (0-36)

	13
	
	
	
	
	L (0-9) / D (0-39)

	14
	
	
	
	
	L (0-6) / D (0-42)

	15
	
	
	
	
	L (0-3) / D (0-45)

	16
	
	
	
	
	L (0) / D (0-48)


When all LVRBs mapped into their PRBs, the remained PRBs are assigned for all the DVRBs. We can reorder the subcarriers in the remained PRBs and draw 25 subcarriers according to a predefined way (e.g. equal distance) for one DVRB to be mapped on. Figure 5 illustrated the above procedure. Whether one DVRB is divided several sub-DVRBs is FFS. 
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Fig 5-Example of LVRB and DVRB Mapping into PRB
5 Control Signaling Overhead
According to the multiplexing scheme presented above, next we will analysis the control signaling overhead. Since it is not clear that whether joint or separate coding is adopted in control signaling design, we will give the signaling design relative to the multiplexing in these two cases. 

5.1 Joint Coding Case

In joint coding case, all UEs’ signalings are coded together and each UE will decode the control message. It is not necessary to inform UEs that use distributed mapping which PRBs are mapped by DVRBs since these UEs can know which PRBs are mapped by LVRBs through LVRB UEs’ bitmaps and naturly the remained PRBs are used for DVRB.The signaling structure for joint coding case is illustrated in figure 6.
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Fig 6-Control Signaling in Joint Coding Case

5.2 Seperate Coding Case

In separate coding case, each UE’s control signaling is coded seperatly. For those UEs that carry DVRB data can not read the information that which PRB and how many PRBs are used for DVRB, so it is necessary to define a public area in which bitmap for DVRB is available to all UEs. Figure 7 shows the signaling structure for separate coding case.
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Fig 7-Control Signaling in Seperate Coding Case

6 Conclusion

In this contribution, we first point out that puncturing is not a good way to multiplex localized and distributed data. We also point out that in order to get sufficient frequency diversity gain, one DVRB should at least span 1.25M BW. Finally, a completely multiplexing method is presented. In this method, we can change the number of LVRB and DVRB flexibly and at the same time, both scheduling gain and diversity gain can be guaranteed. Two control signaling structures for our multiplexing scheme are also presented for joint coding and separate coding case respectively.  
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