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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN#77 agreed a revised WID on eFeMTC with the following new objectives for improving the PDSCH/PUSCH spectral efficiency [1]:
· 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.
· 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 will discuss the solutions regarding more flexible starting PRB for PDSCH/PUSCH resource allocation. 
Motivation
PDSCH resource allocation
Since mobile broadband traffic often has a bursty nature, there are several subframes where only a single higher category (>= Cat 0) UE user is being active. For the downlink resource allocation of a single UE with higher category, resource allocation type 0 is the allocation strategy that provides the most efficient spectrum utilization and highest user throughput. Thus, there is an interest in optimizing the spectrum utilization for scheduling of a single higher category UE with resource allocation type 0 alongside one or several BL/CE UEs in the same subframe.
The misalignment between narrowband (NB) and RBG may cause inefficient utilization of the downlink PRBs. An example is shown in Figure 1 for 10MHz system bandwidth. A BL/CE UE utilizing NB1 blocks 3 RBGs due to the misalignment between NB and RBG. The PRBs marked with red cannot be used by a higher category UE. As a result of using 41 of 50 instead of 44 of 50 PRBs for a higher category UE, the UE’s throughput is not maximized.

[bookmark: _Ref505242491]Figure 1 Illustration of the inefficient DL PRB utilization caused by the misalignment between NB and RBG
Observation 1: Inefficient utilization of the downlink PRBs can be caused by the misalignment between NB and RBG definitions for PDSCH resource allocation. 
PUSCH resource allocation
For uplink resource allocation, consecutive PRBs are required. In order to allow large number of consecutive PRBs to be allocated in the uplink for a higher category UE, PUCCH and PRACH may be allocated near the edges of the system bandwidth. For a BL/CE UE’s resource allocation, it might be difficult to allocate in a NB which is directly adjacent to the resources used for PUCCH/PRACH, which will lead to a fragmentation of the uplink resource. This fragmentation of the uplink resource is expected to be avoided by more flexible starting PRB for PUSCH resource allocation.
[bookmark: _GoBack]Observation 2: The fragmentation of the uplink resource should be avoided by more flexible starting PRB for PUSCH resource allocation. 
Discussion on solutions
In this section, two solutions are discussed on more flexible starting PRB for PDSCH/PUSCH resource allocation of 1.4 MHz BL/CE UE.
· Solution 1: Allocating consecutive PRBs in any position of the system bandwidth
CE mode A solution
The allocation of all possible consecutive {1, 2, 3, 4, 5, or 6} PRBs within the system bandwidth has different ways, which requires  bits to indicate.  represents the number of PRBs within the UL system bandwidth. These bits indicate a RIV which maps to a starting PRB index and the number of consecutive PRBs {1, 2, 3, 4, 5, 6}. The number of bits required for the resource block assignment field of this solution is compared with the current resource block assignment field in DCI format 6-0A and 6-1A in Table 1.
[bookmark: _Ref505248422]Table 1 Comparison of the number of bits required for the resource block assignment field for 1.4 MHz BL/CE UE in CE mode A
	System bandwidth
	PRBs in the system bandwidth
	Number of bits required for resource block assignment in DCI format 6-0A and 6-1A
	Number of bits required for allocating all possible consecutive up to 6 PRBs 

	1.4 MHz
	6
	5
	5

	3 MHz
	15
	6
	7

	5 MHz
	25
	7
	8

	10 MHz
	50
	8
	9

	15 MHz
	75
	9
	9

	20 MHz
	100
	9
	10



CE mode B solution
For PDSCH resource allocation in CE mode B, consecutive 4 or 6 PRBs need to be supported to be allocated in any position of the system bandwidth. There are   different ways to allocate, which requires  bits to indicate.
For PUSCH resource allocation in CE mode B, there are  different ways to allocate 1 or 2 PRBs in any position of the system bandwidth. The number of bits needed for the resource block assignment field is .
Table 2 compares the number of bits required for the resource block assignment field for this CE mode B solution and in DCI format 6-0B and 6-1B.
[bookmark: _Ref505258281]Table 2 Comparison of the number of bits required for the resource block assignment field for 1.4 MHz BL/CE UE in CE mode B
	System bandwidth
	PRBs in the system bandwidth
	Number of bits required for resource block assignment in current DCI
	Number of bits required for allocating all possible consecutive PRBs in system bandwidth

	
	
	Format 6-0B
	Format 6-1B
	PUSCH
	PDSCH

	1.4 MHz
	6
	3
	1
	4
	2

	3 MHz
	15
	4
	2
	5
	5

	5 MHz
	25
	5
	3
	6
	6

	10 MHz
	50
	6
	4
	7
	7

	15 MHz
	75
	7
	5
	8
	8

	20 MHz
	100
	7
	5
	8
	8



Analysis
As observed from Table 1 and Table 2, the allocation of all possible consecutive PRBs in any position of the system bandwidth requires an extra bit for CE mode A and CE mode B PUSCH allocation. However, for PDSCH in CE mode B, one extra bit is not adequate for system bandwidth larger than 1.4 MHz, where as many as 3 additional bits are required. Due to the 3 bits payload increasing in CE mode B, the number of MPDCCH repetitions will be even larger. It replaces one inefficient DL utilization with another.
On the other hand, allocating consecutive PRBs in any position of the system bandwidth is not compatible with the current resource allocation for BL/CE UEs which is based on NB. For 5 MHz maximum PDSCH/PUSCH bandwidth, directly utilizing the same solution would require more additional bits and still could not allocate non-consecutive PRBs for downlink.
· Solution 2: Using one additional bit in DCI to indicate resource shift
For each system bandwidth configurations, the NB and RBG division is illustrated in Figure 2. 

[bookmark: _Ref505262471]Figure 2 NB and RBG division for all the system bandwidth
It can be observed for the NB which boundary is not aligned with the RBG boundary, if it is shifted for 1 or 2 PRBs toward the low or high PRB index direction, then alignment is achieved. Thus the inefficient utilization of the downlink PRBs caused by the misalignment between NB and RBG can be avoided. The fragmentation of the uplink resource can also be avoided by the 1 or 2 PRBs resource shift.
In DCI, the current resource block assignment field can be retained. We can add only one additional bit to indicate the resource shift. The direction/number of PRBs for the resource shift can depend on the system bandwidth, the allocated NB etc., which can be further studied. It can also be considered to use this solution for UEs configured with 5 MHz max PDSCH/PUSCH bandwidth.
Proposal: Using one additional bit in DCI to indicate resource shift for PDSCH/PUSCH resource allocation with more flexible starting PRB at least for UE configured with 1.4 MHz max PDSCH/PUSCH channel bandwidth. 
· FFS the indicated resource shift can depend on the system bandwidth, the allocated NB etc.
Conclusion
This contribution discusses more flexible starting PRB for PDSCH/PUSCH resource allocation, the observations and proposal are as below:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: Inefficient utilization of the downlink PRBs can be caused by the misalignment between NB and RBG definitions for PDSCH resource allocation. 
Observation 2: The fragmentation of the uplink resource should be avoided by more flexible starting PRB for PUSCH resource allocation. 
Proposal: Using one additional bit in DCI to indicate resource shift for PDSCH/PUSCH resource allocation with more flexible starting PRB at least for UE configured with 1.4 MHz max PDSCH/PUSCH channel bandwidth. 
· FFS the indicated resource shift can depend on the system bandwidth, the allocated NB etc.
References
[bookmark: _Ref488246792][bookmark: _Ref497319610][bookmark: _Ref462670078][bookmark: _Ref471476177][bookmark: _Ref477185288][bookmark: _Ref480277729][bookmark: _Ref505182727]RP-172811, “Revised WID on Even further enhanced MTC for LTE”, Ericsson, Qualcomm, RAN #77, Lisbon, Portugal, December 2017
image3.emf
0 5

1.4MHz

PRB/VRB

NB

RBG

01

3MHz

PRB/VRB

NB

RBG

0

6

1

4

1

0

5MHz

PRB/VRB

NB

RBG

0 1

2

4

2 3

0

10MHz

PRB/VRB

NB

RBG

0 1 2 3

4

9

4 5 6 7

0

15MHz

PRB/VRB

NB

RBG

0 1 2 3 4 5 6 7

0

20MHz

PRB/VRB

NB

RBG

7

4

8 9 10 11

9

9

NB index

PRB index


image1.emf
0 1 2 3 4 5

10MHz system bandwidth

PRB/VRB

NB

RBG

RBG0 RBG1 RBG2 RBG3 RBG4 RBG5

NB0

6 7 8 9 1011121314

RBG6

NB1

15161718192021222324

RBG7 RBG8 RBG9 RBG10 RBG11

NB2 NB3

25262728293031323334353637383940414243444546474849

RBG12 RBG13 RBG14 RBG15

RBG

16

NB4 NB5 NB6 NB7


image2.wmf
UL

RB

N


