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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 RAN1 #92 meeting, the following agreements were achieved. [2]
· For a BL/CE UE, higher layer signaling enable/disable
· the more flexible starting PDSCH PRB

· the more flexible starting PUSCH PRB

· This makes no assumption about signaling details

· For a BL/CE UE configured with flexible starting PDSCH PRB and max 1.4 MHz PDSCH channel bandwidth,

· PDSCH frequency hopping is supported.

· Details of frequency hopping is FFS
· For a BL/CE UE configured with flexible starting PUSCH PRB and max 1.4 MHz PUSCH channel bandwidth,

· PUSCH frequency hopping is supported.

· Details of frequency hopping is FFS
In RAN1 #92bis meeting, the following agreements were achieved. [3]

· At least for BL/CE UE configured without other Rel-14/15 features, DCI size after padding is not increased in order to support flexible starting PRB. 
Note: For PUSCH and PDSCH, the solution may or may not be the same

Note: The solution may or may not be the same for FDD and TDD
In this contribution, we discuss the detailed solutions to support for more flexible starting PRB for PDSCH/PUSCH resource allocation for UE configured with 1.4 MHz max PDSCH/PUSCH channel bandwidth.
2 Resource allocation for PDSCH/PUSCH with more flexible starting PRB
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 channel bandwidth, the allocated PDSCH 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. For the assigned PRBs within narrowband listed in Table 1, 5 unused states in ‘resource block assignment’ filed are required to indicate PDSCH with more flexible starting PRB.
Table 1 Shifting offset for 3/5 MHz system bandwidth
	States
	Assigned PRBs within NB
	Shifting offset

	1
	0 and 1
	move forward by 1 PRB 

	2
	4 and 5
	move backward by 1 PRB 

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

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

	5
	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. For the assigned PRBs within narrowband listed in Table 2, 4 unused states in ‘resource block assignment’ filed are required to indicate PDSCH with more flexible starting PRB.
Table 2 Shifting offset for 10 MHz system bandwidth
	States
	Assigned PRBs within NB
	Shifting offset

	1
	0, 1 and 2
	move forward by 1 PRB 

	2
	3, 4 and 5
	move backward by 2 PRB 

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

	4
	0, 1, 2, 3, 4 and 5
	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. For the assigned PRBs within narrowband listed in Table 3, 9 unused states in ‘resource block assignment’ filed are required to indicate PDSCH with more flexible starting PRB.
Table 3 Shifting offset for 15 MHz system bandwidth
	States
	Assigned PRBs within NB
	Shifting offset

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

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

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

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

	5
	0, 1 and 2
	move forward by 1 PRB

	6
	0, 1 and 2
	move forward by 2 PRB

	7
	0, 1, 2 and 3
	move forward by  2 PRB

	8
	2, 3, 4 and 5
	move backward by 2 PRB

	9
	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. For the assigned PRBs within narrowband listed in Table 4, 8 candidate resource with shifting offset {+ 1PRB, + 2 PRB, 0 PRB, - 1PRB, - 2PRB} may be used to indicate the NB shifting.
Table 4 Shifting offset for 20 MHz system bandwidth
	States
	Assigned PRBs within NB
	Shifting offset

	1
	0, 1 and 2 
	move forward by 1 PRB

	2
	0, 1 and 2 
	move forward by 2 PRB

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

	4
	3, 4 and 5
	move backward by 1 PRB

	5
	3, 4 and 5
	move backward by 2 PRB

	6
	2, 3, 4 and 5
	move backward by 2 PRB


For different system bandwidth (3/5/10/15/20 MHz), up to 9 unused states are required to indicate more flexible starting PRB for PDSCH resource allocation. There are 11 unused states in 5 LSB bits of ‘Resource block assignment’ field. 9 of the 11 unused states can be used to indicate the shifting offset of the assigned PRBs within NB.
By utilizing the unused states in 5 LSB bits of ‘Resource block assignment’ field, no additional overhead is needed to support more flexible starting PRB for PDSCH resource allocation in connected mode for UE operating in CE mode A configured with 1.4 MHz max PDSCH channel bandwidth.
Proposal 1: For PDSCH resource allocation with more flexible stating PRB for BL/CE UE configured with 1.4 MHz max PDSCH channel bandwidth in CE mode A, up to 9 of unused 11 states in 5 LSB bits of ‘Resource block assignment’ field in DCI format 6-1A is utilized to indicate offset of allocated PRBs within NB.
In legacy LTE, UL resource allocation schemes type 0 and type 1 are supported for PDCCH/EPDCCH with uplink DCI format 0/4. For BL/CE UE configured with max 1.4 MHz PUSCH channel bandwidth in CE mode A, resource allocation is based on NB + resource allocation within NB (i.e., MPDCCH with DCI format 6-0A utilizes a Type 0 resource allocation). The resources not allocated to BL/CE UEs can be fully utilized by non-BL/CE UEs. Since increasing the DCI size of DCI format 6-0A will degrade the decoding performance, more flexible starting PUSCH PRB is supported without increasing the DCI size.  
Proposal 2: For PUSCH resource allocation for BL/CE UE configured with 1.4 MHz max PUSCH channel bandwidth in CE mode A, more flexible starting PUSCH PRB is supported without increasing the DCI size. 
For BL/CE UE configured with max 1.4 MHz PDSCH channel bandwidth in CE mode B, resource allocation is based on NB index + resource allocation within the indicated narrowband. To reduce the resource allocation overhead for UE operating in CE mode B, only 1 bit is used for resource allocation within the narrowband which indicates 4 PRBs with PRB index {0, 1, 2, 3} or all 6 PRBs within NB. For CE mode B, the size of DCI formats 6-0B and 6-1B is the same. As agreed in last meeting, DCI size after padding is not increased in order to support flexible starting PRB. In some cases, additional indication is required to support more flexible starting PRB for PDSCH resource allocation for UE operating in CE mode B. For 3/5 MHz system bandwidth, potential resource allocation with more flexible starting PRB for PDSCH is listed in Table 5. If more flexible allocation is configured and the assigned PRBs within narrowband is 6 PRBs, additional information should be used to indicate the specific shifting offset. If the assigned PRBs within narrowband is 4 PRBs, since there is only one potential resource allocation for more flexible starting PRB for PDSCH, no additional information is needed to indicate the specific shifting offset.
Table 5 Resource allocation with more flexible starting PRB for 3/5 MHz system bandwidth in CE mode B
	Assigned PRBs within NB
	Shifting offset

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

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

	
	move backward by 1 PRB


For 10 MHz system bandwidth, potential resource allocation with more flexible starting PRB for PDSCH is listed in Table 6. If more flexible allocation is configured and the assigned PRBs within narrowband is 6 PRBs, additional information should be used to indicate the specific shifting offset.

Table 6 Resource allocation with more flexible starting PRB for 10 MHz system bandwidth in CE mode B

	Assigned PRBs within NB
	Shifting offset

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

	
	move backward by 2 PRB


For 15 MHz and 20 MHz system bandwidth, potential resource allocation with more flexible starting PRB for PDSCH are listed in Table 7 and Table 8 respectively. 

Table 7 Resource allocation with more flexible starting PRB for 15 MHz system bandwidth in CE mode B

	Assigned PRBs within NB
	Shifting offset

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


Table 8 Resource allocation with more flexible starting PRB for 20 MHz system bandwidth in CE mode B

	Assigned PRBs within NB
	Shifting offset

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


If more flexible allocation is enabled, since only one potential resource allocation can be assumed for flexible starting PRB for PDSCH for 15/20 MHz system bandwidth, no additional information is needed to indicate the specific shifting offset.

Observation 1: For resource allocation with more flexible starting PRB for BL/CE UE configured with 1.4 MHz max PDSCH channel bandwidth in CE mode B, if more flexible starting PRB is enabled
· for system bandwidth 15/20 MHz, no need to signal the specific shifting offset.
· for system bandwidth 3/5/10 MHz, 

· additional information is needed to indicate the specific shifting offset for allocation of 6 PRBs 

· no need to signal the specific shifting offset for allocation of 4 PRBs

3 Frequency hopping for a BL/CE UE configured with more flexible starting PDSCH/PUSCH PRB
Frequency hopping for a BL/CE UE configured with more flexible starting PDSCH/PUSCH PRB can reuse legacy narrowband based frequency hopping. Reusing the same hopping mechanism as in Release 13 is beneficial for easier coexistence of legacy eMTC UEs.
For PDSCH, the allocated NB PRB(s) hop using the same equation in Rel-13.If there has other allocated non-NB PRB(s), it will hop accordingly with the adjacent allocated NB PRB(s). In case the hopping leads to wrap-around, the PRBs after frequency hopping may locate in two separate portions which is in two discontinuous narrowbands. Due to max 1.4 MHz bandwidth limitation, the UE cannot simultaneously monitor the two portions. In this case, the PDSCH transmission on that subframe is dropped.
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Figure 1 frequency hopping of PDSCH with more flexible starting PRB
Proposal 3: For PDSCH, allocated NB PRB(s) hops using the same equation in Rel-13.  Other allocated non-NB PRB(s) (if any) will hop accordingly with the adjacent allocated NB PRB(s).
· In case the hopping leads to wrap-around, the PDSCH transmission on that subframe is dropped.

For PUSCH, the starting PUSCH PRB hops using the same equation in Rel-13. Other allocated PRBs hop accordingly with the starting PUSCH PRB. PUSCH PRBs (except for the starting PRB) after hopping could include the center PRB.  In case the hopping leads to wrap-around, the PUSCH PRBs after frequency hopping may include edge PRBs that do not belong to Rel-13 narrowbands. In this case, the PUSCH transmission on that subframe is dropped.  
Proposal 4: For PUSCH, the allocated NB PRB(s) hops using the same equation in Rel-13.  

· Other allocated non-NB PRB(s) (if any) will hop accordingly with the adjacent allocated NB PRB(s).

· In case the hopping leads to wrap-around, the PUSCH transmission on that subframe is dropped. 
4 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 observations and proposals:
Observation 1: For resource allocation with more flexible starting PRB for BL/CE UE configured with 1.4 MHz max PDSCH channel bandwidth in CE mode B, if more flexible starting PRB is enabled

· for system bandwidth 15/20 MHz, no need to signal the specific shifting offset.

· for system bandwidth 3/5/10 MHz, 

· additional information is needed to indicate the specific shifting offset for allocation of 6 PRBs 

· no need to signal the specific shifting offset for allocation of 4 PRBs

Proposal 1: For PDSCH resource allocation with more flexible stating PRB for BL/CE UE configured with 1.4 MHz max PDSCH channel bandwidth in CE mode A, up to 9 of unused 11 states in 5 LSB bits of ‘Resource block assignment’ field in DCI format 6-1A is utilized to indicate offset of allocated PRBs within NB.
Proposal 2: For PUSCH resource allocation for BL/CE UE configured with 1.4 MHz max PUSCH channel bandwidth in CE mode A, more flexible starting PUSCH PRB is supported without increasing the DCI size. 
Proposal 3: For PDSCH, allocated NB PRB(s) hops using the same equation in Rel-13.  Other allocated non-NB PRB(s) (if any) will hop accordingly with the adjacent allocated NB PRB(s).
· In case the hopping leads to wrap-around, the PDSCH transmission on that subframe is dropped.

Proposal 4: For PUSCH, the allocated NB PRB(s) hops using the same equation in Rel-13.  

· Other allocated non-NB PRB(s) (if any) will hop accordingly with the adjacent allocated NB PRB(s).

· In case the hopping leads to wrap-around, the PUSCH transmission on that subframe is dropped. 
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