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1. Introduction
During the RAN1#87 meeting, the techniques to support wider bandwidth for PDSCH/PUSCH channel of Rel-14 BL/non-BL UEs were discussed and the following agreements were achieved [1].

[image: image1]
In this contribution, we will focus our discussion on the resource allocation for the case of 5MHz PDSCH/PUSCH channel bandwidth. Based on the discussion, our views will be shared. 
2. Discussion
As is shown in the above part, several agreements had been achieved for the 5MHz PDSCH/PUSCH channel bandwidth design. And one remaining issue is the exact resource assignment for the case of wider bandwidth. During last RAN1 87 meeting, two-step resource allocation methods were wildly proposed. Generally, the key principle is that the wider narrow band(WNB) is determined within whole system bandwidth firstly, then specific resource within the WNB is further allocated. For WNB determination shown in Fig. 1, both RB-boundary based solution e.g. indicating the starting RB index or NB-boundary based method such as indicating the starting NB index were proposed. 
 [image: image2.emf]NB

NB NB

NB NB NB NB

NB

Wider narrow band

Wider narrowband

Resource 

fragment

NB

NB-boundary based WNB determination

RB-boundary based WNB determination

RB


Figure 1 WNB determination
As we know, narrowband with 6 PRBs is defined for Rel-13 MTC. And Rel-13 MTC UEs would process the resource allocation, common control resource set configuration and frequency hopping based on the defined narrow band. Thus, determining the WNB based on the defined narrowband could avoid negative impact on the Rel-13 MTC. So we prefer to determine the WNB based on the narrow band boundary.
In the following parts, we will discuss possible alternatives to determine the WNB based on Rel-13 MTC narrowband and methods about how to perform the resource allocation within the WNB. 
2.1. Step1: Determination of the WNB 
The WNB for 5MHz PDSCH/PUSCH channel bandwidth is composed of 4 adjacent narrow bands. For the determination of WNB within system bandwidth, the following two options are possible:
· Option 1: Predefine the WNB and index them in ascending order in frequency.  As is shown in Fig. 2, NB#0 to NB#3 form WNB#0 and NB#4 to NB#7 form widerWNB#2. 
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Figure 2 Predefined WNB 
A field in DCI informs UE the index of WNB. The total numbers of potential WNB in different system bandwidths are listed in Table 1. In this case, maximum 2 bits are utilized for the indication of WNB index.

Table 1 Number of WNB in different system bandwidth
 [image: image4.emf]Bandwidth 5 MHz 10MHz 15 MHz 20 MHz

Numberof NB 4 8 12 16

Number of WBG  1 2 3 4

Bit number 0 1 2 2


· Option 2: DCI only indicates the index of the starting NB and the subsequent 4 NBs form the WNB. In this case, the existing NB indication field in Rel-13 MTC DCI can be reused. As is shown in Fig. 3, DCI indicates the starting index of WNB as NB#2, then the WNB is determined as frequency resource including NB#2 to NB#5. The total numbers of possible starting index for WNB number in different system bandwidths are listed in Table 2. The NB indication field would occupy 4 bits at most.
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Figure 3 Determine the WNB by indication of the starting NB  
Table 2 number of possible starting index for WNB number
 [image: image6.emf]Bandwidth 5 MHz 10MHz 15 MHz 20 MHz

Numberof NB 4 8 12 16

Possible starting 

index ofWNB

1 5 9 13

Bitsnumber 0 3 4 4


Comparing Opt.1 and Opt.2, Opt.1 could save the signaling overhead by sacrificing the scheduling flexibility and Opt.2 could achieve good scheduling flexibility with additional signaling overhead. Considering the saved signaling overhead is marginal in Opt.1 while the scheduling flexibility is restricted significantly, we have a slight preference on Opt.2. 
Proposal 1: Determine the wider narrow band by indicating the starting narrow band index 
2.2. Step 2: Resource allocation within a WNB

Within the WNB, both RB-based and RB group (RBG)-based resource allocation schemes can be considered. To achieve the full scheduling flexibility, RB-based scheduling is desirable. Alternatively, to reduce the signaling overhead, RBG-based resource allocation can be considered as well. For example, as shown in Fig. 4, one RBG comprised of 4 RBs is regarded as resource allocation granularity. As the other example, one RBG can be comprised of 6 RBs or 1 NB, then RBG-level resource allocation is identical to the NB-level allocation. Different CE mode could consider using different RBG size. For example, for CE mode A, smaller RBG size can be set. While for CE mode B, larger RBG size can be applied. Both RB-based or RBG-based resource allocation schemes could support the contiguous and non-contiguous resource allocation. Take RBG-based resource allocation scheme for example, bitmap of RBGs could be used for non-contiguous resource allocation, and Rel-13 MTC type-2-based method (for PDSCH) could be used for continuous resource allocation. Besides, a flag to indicate the switching between non-continuous and continuous resource allocation could be introduced in DCI so that both of these two cases could be supported. Similarly, we could apply these methods to RB-based resource allocation scheme to support contiguous and non-contiguous resource allocation cases.
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Figure 4 RBG-based resource allocation 

Using PDSCH type-2-based resource allocation scheme for instance, the overhead of different scheduling granularity is analyzed in Table 3. As is shown, RBG-based resource allocation could extremely reduce the scheduling overhead compared to RB-based resource allocation. On the other hand, the RBG-based resource allocation would loss certain scheduling flexibility compared with RB-based resource allocation. But considering the larger PDSCH/PUSCH channel bandwidth is mainly applied to achieve higher data rate which requires larger resource allocation amount, then the scheduling flexibility loss is marginal. 
Table 3 Overhead analysis of different granularity within one WNB
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Proposal 2:   Perform the resource allocation within the WNB by using RBG-based granularity 
Basing on the two-step resource allocation scheme, total number of bits in DCI for resource allocation using different alternatives are summarized in Table 4. As we can see, the WNB index +RB-based scheduling scheme and starting NB index + RBG-based scheduling scheme could achieve better balance between scheduling flexibility and signaling overhead.

Table 4 Total number of bits in DCI for resource allocation within WNB
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resource block 

assignment in DCI

5 MHz 9 (0 + 9) 5(0+5) 9(0+9) 5(0+5)

10MHz 10(1 + 9) 6(1+5) 12(3+9) 8 (3+5)

15 MHz 11 (2 + 9) 7(2+5) 13(4+9) 9(4+5)

20 MHz 11 (2 + 9) 7(2+5) 13(4+9) 9(4+5)

Flexibility  Medium Low High Medium 


3. Conclusion
In this contribution, we discussed the resource allocation for the case of 5MHz PDSCH/PUSCH channel bandwidth, our views are summarized as follows:
Proposal 1: Determine the wider narrow band by indicating the starting narrow band index 
Proposal 2: Perform the resource allocation within the WNB by using RBG-based granularity 
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Agreements:


Rel-14 BL/non-BL UE in CE Mode A support independent max PDSCH/PUSCH channel bandwidth configurations.


Rel-14 BL/non-BL UE max PDSCH and PUSCH channel bandwidths are configured semi-statically through RRC signaling.


This does not have an impact on whether the Rel-14 DCI formats should be same size or not as Rel-13 DCI formats.


Agreements:


Rel-14 non-BL UE can support CE mode A in connected mode with a maximum PDSCH channel bandwidth of either 5 or 20 MHz


Rel-14 non-BL UE can support CE mode A in connected mode with a maximum PUSCH channel bandwidth of 5 MHz


Rel-14 non-BL UEs can support CE mode B in connected mode with a maximum PDSCH channel bandwidth of either 1.4, 5 or 20 MHz.


Rel-14 non-BL UEs can support CE mode B in connected mode with a maximum PUSCH channel bandwidth of 1.4 MHz.


Agreements:


The PDSCH Allocation for FeMTC UEs supporting larger BW is limited to resource blocks that are part of narrow bands defined in LTE Release 13 for UEs configured with 5 MHz max PDSCH channel bandwidth


24 PRBs is the maximum number of PRBs that can be allocated


The PDSCH Allocation for FeMTC UEs supporting larger BW is limited to resource blocks that are part of narrow bands defined in LTE Release 13 for UEs configured with 20MHz max PDSCH channel bandwidth


96 PRBs is the maximum number of PRBs that can be allocated


The PUSCH allocation for FeMTC UEs with larger BW can include at least certain PRBs that are not part of narrow bands defined in LTE Release 13


This includes at least the central PRB in case of odd system bandwidth


FFS: PRBs at the band edges that do not belong to any narrowband


Agreement:


For Rel-14 BL/CE UE configured with max 5 MHz PDSCH channel bandwidth, contiguous and non-contiguous resource allocation is supported


For Rel-14 non-BL UEs configured with max 20 MHz PDSCH channel bandwidth, contiguous and non-contiguous resource allocation is supported  
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