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1 Introduction
In RAN #78 meeting, revised WID RP-172811 on Even Further NB-IoT enhancements was agreed as working agreement [1]. One of the objectives is to improve spectrum efficiency.
· Increased PDSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· Introduce support for more flexible starting PRB for PDSCH resource allocation in connected mode at least for UE operating in CE mode A/B configured with 1.4 MHz max PDSCH channel bandwidth.
· Increased PUSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· Introduce support for more flexible starting PRB for PUSCH resource allocation in connected mode at least for UE operating in CE mode A/B configured with 1.4 MHz max PUSCH channel bandwidth.
In this contribution, we discuss the support for more flexible starting PRB for PDSCH/PUSCH resource allocation for UE configured with 1.4 MHz max PDSCH/PUSCH channel bandwidth.
2 Discussion on more flexible starting PRB for PDSCH/PUSCH resource allocation
In legacy LTE, UL resource allocation type 0 and DL resource allocation type 2 are based on RBG. For 3 MHz system bandwidth, a RBG is composed of two consecutive PRBs (i.e., RBG size is 2 PRB). RBG size for 5 MHz system is 3 PRB while RBG size for 15/20 MHz system bandwidth is 4 PRB. 
For BL/CE UE configured with max 1.4 MHz PDSCH/PUSCH channel bandwidth, resource allocation is based on NB + resource allocation within NB (narrowband). A narrowband is composed of six consecutive PRBs. Due to misalignment of RBGs and NBs, some PRBs may not be allocated which has negative impact on the resource utilization. As shown in Figure 1, if NB #0 is allocated to a BL/CE UE, PRB #0 and PRB 7 cannot be allocated by UL resource allocation type 0 or DL resource allocation type 2.
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Figure 1 Example of the misalignment of NB and RBG for 3 MHz system bandwidth
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Figure 2 Example of the misalignment of NB and RBG for 5 MHz system bandwidth
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Figure 3 Example of the misalignment of NB and RBG for 10 MHz system bandwidth
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Figure 4 Example of the misalignment of NB and RBG for 15 MHz system bandwidth
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Figure 5 Example of the misalignment of NB and RBG for 20 MHz system bandwidth
Similar resource fragment issue occurs for other system bandwidth as illustrated in Figure 2, 3, 4 and 5. There may be resource fragments which cannot be allocated by UL resource allocation type 0 or DL resource allocation type 2. To resolve the resource utilization issue caused by misalignment of NBs and RBGs, compared with legacy eMTC resource allocation within NB, more flexible starting PRB for PDSCH/PUSCH resource allocation can be considered. However, for the MTC UEs in enhanced coverage, excessively flexible PDSCH/PUSCH resource allocation is not the intention.
Observation 1: The intention of more flexible PDSCH/PUSCH resource allocation is to resolve the resource utilization issue caused by misalignment of NBs and RBGs.

In CE mode A, to support more flexible starting PRB for PDSCH/PUSCH resource allocation in connected mode at least for UE operating in CE mode A/B configured with 1.4 MHz max PDSCH/PUSCH channel bandwidth, the allocated PDSCH/PUSCH resource can be shifted by an indicated offset. For 3/5 MHz system bandwidth, assigned PRBs in Table 1 can be shifted to location with new starting PRB. In this case, RBGs can be fully utilized.
Table 1
	Assigned PRBs within NB
	Shifting offset

	0 and 1
	move forward by 1 PRB 

	4 and 5
	move backward by 1 PRB 

	0, 1, 2 and 3
	move forward by 1 PRB

	2, 3, 4 and 5
	move backward by 1 PRB

	0, 1, 2, 3, 4 and 5
	move forward/backward by 1 PRB


For 10 MHz system bandwidth, assigned PRBs in Table 2 can be shifted to location with new starting PRB. In this case, RBGs can be fully utilized.
Table 2
	Assigned PRBs within NB
	Shifting offset

	0, 1 and 2
	move forward by 1 PRB 

	3, 4 and 5
	move backward by 2 PRB 

	0, 1, 2, 3, 4 and 5
	move forward by 1 PRB, or move backward by 2 PRB


For 15 MHz system bandwidth, assigned PRBs in Table 3 can be shifted to location with new starting PRB. In this case, RBGs can be fully utilized.
Table 3
	NB index
	Assigned PRBs within NB
	Shifting offset

	0 or 2 or 4 
	0, 1, 2 and 3
	move forward by 1 PRB 

	
	2, 3, 4 and 5
	move backward by 1 PRB 

	1 or 3 or 5
	0, 1, 2 and 3
	move backward by 1 PRB

	
	2, 3, 4 and 5
	move forward by 1 PRB

	6 or 8 or 10
	0, 1 and 2
	move forward by 1 PRB or 2 PRB

	
	0, 1, 2 and 3
	move forward by  2 PRB

	7 or 9 
	2, 3, 4 and 5
	move backward by 2 PRB

	11
	3, 4 and 5
	move backward by 1 PRB


For 20 MHz system bandwidth, assigned PRBs in Table 4 can be shifted to location with new starting PRB. In this case, RBGs can be fully utilized.
Table 4
	NB index
	Assigned PRBs within NB
	Shifting offset

	even
	0, 1 and 2 
	move forward by 1 PRB or 2 PRB

	
	0, 1, 2 and 3
	move forward by 2 PRB

	odd
	3, 4 and 5
	move backward by 1 PRB or 2 PRB

	
	2, 3, 4 and 5
	move backward by 2 PRB


From above analysis, the offsets required for different allocated PRBs for all the supported system bandwidths are summarized in Table 5. Total 11 status are required to indicate more flexible starting PRB for PDSCH/PUSCH resource allocation in connected mode for UE operating in CE mode A configured with 1.4 MHz max PDSCH/PUSCH channel bandwidth. Considering that for UE configured with 1.4 MHz max PDSCH/PUSCH channel bandwidth, there are 11 unused status in 5 LSB bits of ‘Resource block assignment’ field. These unused status can be used to indicate the shifting offset of the assigned PRBs within NB.
Table 5
	Assigned PRBs within NB
	Shifting offset

	0 and 1
	move forward by 1 PRB

	4 and 5
	move backward by 1 PRB

	0, 1 and 2
	move forward by 1 PRB 

	3, 4 and 5
	move backward by 2 PRB 

	0, 1, 2 and 3
	move forward by 1 PRB

	0, 1, 2 and 3
	move forward by 2 PRB

	2, 3, 4 and 5
	move backward by 21 PRB

	2, 3, 4 and 5
	move backward by 2 PRB

	0, 1, 2, 3, 4 and 5
	move forward by 1 PRB

	0, 1, 2, 3, 4 and 5
	move backward by 1 PRB

	0, 1, 2, 3, 4 and 5
	move backward by 2 PRB


By utilizing the unused status in 5 LSB bits of ‘Resource block assignment’ field, no additional overhead is needed to support more flexible starting PRB for PDSCH/PUSCH resource allocation in connected mode for UE operating in CE mode A configured with 1.4 MHz max PDSCH/PUSCH channel bandwidth.
Proposal 1: In CE mode A, the unused 11 status in 5 LSB bits of ‘Resource block assignment’ field is utilized to indicate offset of allocated PRBs within NB for UE configured with 1.4 MHz max PDSCH/PUSCH channel bandwidth.
In CE mode B, in order to guarantee the link performance, it should carefully evaluate the negative impact if additional resource allocation overhead should be introduced to support more flexible starting PRB. In Rel-13 eMTC, to reduce the resource allocation overhead for UE operating in CE mode B, only 4/6 PRBs within NB are allocated for PDSCH while only 1/2 PRB(s) are allocated for PUSCH. In Rel-14 FeMTC, even for UE configured with 5 MHz channel  bandwidth, only 1 bit is increased to support larger channel bandwidth. There has no unused status in current ‘Resource block assignment’ field in DCI format 6-0B/6-1B. Considering the resource fragment caused by misalignment of RBGs and NBs can be allocated to other UEs by other resource allocation type, much more flexible starting PRB in CE mode B is not necessary. To avoid negative impact on coverage performance, at most one additional bit can be considered for supporting more flexible starting PRB for UE operating in CE mode B configured with 1.4 MHz max PDSCH/PUSCH channel bandwidth.
Proposal 2: In CE mode B, at most one additional bit can be considered for supporting more flexible starting PRB.
3 Conclusions
In this contribution, we have discussed the support of more flexible starting PRB for UE configured with 1.4 MHz max PDSCH/PUSCH channel bandwidth. We make the following proposals:
Observation 1: The intention of more flexible PDSCH/PUSCH resource allocation is to resolve the resource utilization issue caused by misalignment of NBs and RBGs.

Proposal 1: In CE mode A, the unused 11 status in 5 LSB bits of ‘Resource block assignment’ field is utilized to indicate offset of allocated PRBs within NB for UE configured with 1.4 MHz max PDSCH/PUSCH channel bandwidth
Proposal 2: In CE mode B, at most one additional bit can be considered for supporting more flexible starting PRB.
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