3GPP TSG RAN WG1 Meeting #93	R1-1805982
Busan, Korea, May 21-25, 2018 

Agenda Item:	6.2.6.5
Source:	Huawei, HiSilicon
[bookmark: _GoBack]Title:	On more flexible starting PRB for PDSCH/PUSCH resource allocation
Document for:	Discussion and decision 

[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 RAN1#92 and RAN1#92bis, the following agreements were reached [2][3]:
Agreement
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
Agreement
· 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
Agreement
· 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 further discuss the solutions regarding more flexible starting PRB for PDSCH/PUSCH resource allocation. 
Discussion on solutions
Based on the agreement in RAN1#92bis, we discuss the solutions to support flexible starting PRB without DCI size increasing for CE mode A and CE mode B in this section.
Solution for CE mode A
· Solution 1: Use DL resource allocation type 2 with starting PRB in the full system BW [4][5]




[bookmark: _Hlk505861158][bookmark: _Hlk505861180]To allocate all possible consecutive {1, 2, 3, 4, 5, or 6} PRBs within the system bandwidth for 1.4 MHz BL/CE UE in CE mode A, the RIV equation in legacy DL resource allocation type 2 can be reused when flexible starting PRB is enabled. That is,, with  , , . Here,  is the total number of RBs in the system bandwidth.
[bookmark: _Toc510538400][bookmark: _Toc510602947][bookmark: _Toc510609680][bookmark: _Toc510609764][bookmark: _Toc510609776][bookmark: _Toc510609802][bookmark: _Toc510609847][bookmark: _Toc510698724][bookmark: _Toc510699175][bookmark: _Toc510702864][bookmark: _Toc510705012][bookmark: _Toc510726926][bookmark: _Toc510800079][bookmark: _Toc510800114][bookmark: _Toc510800300][bookmark: _Toc510801588]As observed in [6], the allocation of all possible consecutive PRBs in any position of the system bandwidth requires an extra bit for CE mode A. It can only be used for PUSCH in the configuration when the current number of bits in DCI format 6-0A is less that the number of bits in DCI format 6-1A. The use case is limited. For example, for TDD and a system configuration for minimum DCI, as the total size of DCI format 6-1A and DCI format 6-0A is the same, the solution cannot be used because it will increase the DCI format 6-0A size. 
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. The current frequency hopping scheme based on NB hopping cannot be applicable and either has to be re-designed or the benefits of frequency diversity lost. 
· Solution 2: Using unused states in ‘Resource block assignment’ field to indicate resource which can include the PRB(s) outside the indicated NB [4][5][6][7][8]
For each system bandwidth configurations, the NB and RBG division is illustrated in Figure 2. 
[image: ]
[bookmark: _Ref505262471]Figure 2 NB and RBG division for all the system bandwidths
It can be observed for the NB which is not aligned with the RBG boundary, if it is shifted by 1 or 2 PRBs toward the low or high PRB index direction, then alignment is achieved. Thus to solve the inefficient utilization of the downlink PRBs caused by the misalignment between NB and RBG, the allocation with full flexibility is unnecessary. The flexibility provided by the 1 or 2 PRBs resource shift can also avoid the fragmentation of the uplink resource. As the indicated NB is also used in this solution, the frequency hopping can still be based on the indicated NB and NB offset. 
In CE mode A, there are 11 unused states in 5 LSB bits of ‘Resource block assignment’ field of the DL DCI. If only 1.4 MHz max PUSCH channel bandwidth is supported by the BL/CE UE when more flexible starting PRB is enabled by higher layer signalling, the 11 unused states also exist in the UL DCI. In [4][5][7][8], all the unused states are used to indicate the resource which can include the PRB(s) outside the indicated NB. There are no unused states left to indicate early termination purpose, which is not consistent with the following agreement:
· For the explicit HARQ-ACK feedback signaling,
· For CE mode A, unused state(s) in the “resource assignment” field in DCI format 6-0A is used to indicate explicit HARQ-ACK feedback for a single UE.
· FFS: If other fields are set to predetermined values
The working assumption from RAN1#91 is replaced by the following agreement
· One unused DCI state in each CE mode is used for indicating:
· Early termination of any ongoing PUSCH transmission (without early termination of MPDCCH monitoring except for the case of acknowledging RRC Connection Release, for which MPDCCH monitoring is terminated)
Moreover, there are some limitations for the detailed resource allocation method by the unused states in [4][5][7] which is analysed as below.
For the solution in [4], flexible starting PRB is not supported for the 5 PRB allocation. The allocations of PRBs by the RIV values 21-31 are not optimized for the different system bandwidths and NBs to get the allocations aligned with RBGs. For example, for NB 1 or 3 or 5 in 15MHz bandwidth, only the allocation indicated by RIV 21, 27, 30 can have one boundary aligned with the boundary of a RBG, other RIV values are still indicating not aligned allocations.
Solution in [5] uses 5 tables for different bandwidth and NBs shown in Figure 3 for the resource allocation indicated by the 11 unused states as:
· For BW=3MHz: Table 1 for nNB = {1} and Table 2 for nNB = {0}
· For BW=5MHz: Table 1 for nNB = {0, 1} and Table 2 for nNB = {2, 3}
· For BW=10MHz: Table 3 for nNB = {0, 1, …7}
· For BW=15MHz: Table 2 for nNB = {0, 2, 4}, Table 3 for nNB = {1, 3, 5}, Table 4 for nNB = {6, 8, 10} and Table 5 for nNB = {7, 9, 11}
· For BW=20MHz: Table 4 for even nNB = {0, 2, …16} and Table 5 for odd nNB = {1, 3, …15}
However, Table 3 is not suitable for NB 1 or 3 or 5 in 15 MHz bandwidth, as the PRBs starting from -1, or ending at 5+1 or ending at 5+2 are still not aligned with a RBG boundary. Moreover, the allocated number of PRBs is also limited. For example, 2 PRBs ending at 5+1 cannot be allocated in Table 2. The tables are not optimized for every NB. For example, for NB 3 in 5 MHz bandwidth, PRBs ending at 5+1 will get outside of the system bandwidth. 
[image: ]
Figure 3 Tables for resource allocation indicated by the 11 unused states [5]
The solution in [7], which is shown in Table 6 as below, puts some limitation on the allocated number of PRBs. For example, allocating 5 PRBs is not supported. Although 5 PRB is not a RBG size, there is still some benefit to support it. When the RBG size is 4, if two UEs with 5 and 3 PRBs allocated respectively can be paired by the flexible starting PRB allocation, they can occupy exactly 2 RBGs maximizing the available RBGs for legacy UEs. As another example, for NB 1 or 3 or 5 in 15MHz bandwidth, only the red rows can have one boundary of the allocated resource aligned with the boundary of a RBG, which is also a limitation on the allocated number of PRBs.
Table 6 Using the unused states to indicate the shift of the assigned PRBs within NB in [7]
	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 1 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



Taking into consideration these limitations, we propose an alternative solution. As the legacy resource allocation can allocate one PRB for a BL/CE UE in any position among the PRBs within NBs, and the necessity for allocation of one PRB for a BL/CE UE in a PRB not belonging to any NB would be a corner case, the number of PRBs indicated by the unused states can be 2, 3, 4, 5, or 6. To get the allocated resource aligned with a RBG, the starting PRB of the allocated resource should be the starting PRB of a RBG, or the ending PRB of the allocated resource should be the ending PRB of a RBG. The RBG can be nearest to the NB indicated by the 4 MSB bits of ‘Resource block assignment’ field. We use 10 states out of the 11 unused states in the 5 LSB bits of ‘Resource block assignment’ field to indicate resource which can include the PRB(s) outside the indicated NB. The indicated PRBs are shown in Table 7 as below. The PRB with index s is the starting PRB of a RBG, the PRB with index t is the ending PRB of a RBG. If the indices of PRBs within the indicated NB are denoted as n, n+1, n+2, n+3, n+4, n+5, s is the largest value smaller than n, and t is the smallest value larger than n+5. Thus the aligned RBG is lower than and nearest to the bottom of the NB, or higher than and nearest to the top of the NB. The rationale for the aligned RBG not within the NB is that utilizing the unused states is to extend the resource allocation, so it needs to indicate resource beyond what can be indicated by the legacy resource allocation. For this way of extended resource allocation, there are remaining unused states for the ‘Resource block assignment’ field. All “1” state of the ‘Resource block assignment’ field can be used for ACK indication [9]. 
Table 7 Using 10 states to indicate the allocated PRBs
	10 states
	Index of the starting PRB of the allocated resource (s = start PRB of RBG; t = end PRB of RBG)
	Number of PRBs allocated 

	State 1
	s
	2

	State 2
	s
	3

	State 3
	s
	4

	State 4
	s
	5

	State 5
	s
	6

	State 6
	t-5
	6 (ending at PRB t)

	State 7
	t-4
	5 (ending at PRB t)

	State 8
	t-3
	4 (ending at PRB t)

	State 9
	t-2
	3 (ending at PRB t)

	State 10
	t-1
	2 (ending at PRB t)


· Solution 3: Introduce 1-bit on-off signal in RRC for the PRB shift, and UE shifts the allocated PRB based on the system bandwidth and the allocated NB[10][11] 
The current resource block assignment field can be retained to indicate the PRB. The relative position of RBG and NB depends on the system bandwidth and the NB. Hence when the PRB shift is enabled, the direction/number of PRBs for the shift of the indicated PRB can depend on the system bandwidth and the allocated NB. However the enabling of PRB shift is semi-statically configured in this solution, which is not as flexible as in solution 2.
Based on the above discussion, we propose:
Proposal 1: When the more flexible starting PRB feature is enabled by higher layer signaling in CE mode A, in addition to legacy resource allocations, 10 states out of the currently unused 11 states in 5 LSB bits of ‘Resource block assignment’ field are used to indicate 2~6 PRBs with starting PRB or ending PRB aligned to a boundary of a RBG:
· Starting PRB of the RBG lower than and nearest to the bottom of the NB, and the following {1, 2, 3, 4, 5} PRBs
· Ending PRB of the RBG higher than and nearest to the top of the NB, and the preceding {1, 2, 3, 4, 5} PRBs
· All “1” state of the ‘Resource block assignment’ field is used for HARQ-ACK DCI.
Solution for CE mode B
In CE mode B, there are no spare bits in DCI format 6-0B and 6-1B for the more flexible resource allocation. So the above solution 3 can be considered. The resource assignment field in DCI indicates the allocated PRB. When RRC signal indicates on for the PRB shift, the PRB shift rule of the indicated PRB can be designed as shown in Table 8.
Table 8 PRB shift rule for CE mode B
	Bandwidth
	PRB shift rule

	1.4MHz
	No shift

	3MHz
	Shift 1PRB down for NB 0;
Shift 2PRB down for NB 1.

	5MHz
	No shift for NB {0, 1};
Shift 1PRB down for NB {2,3}.

	10MHz
	Shift 1PRB down for all NBs.

	15MHz
	[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Shift 1PRB down for NB{0,1,2,3,4,5};
Shift 2PRB down for NB {6,7,8,9,10,11}.

	20MHz
	Shift 2PRB down for every NB.



Proposal 2: When the more flexible starting PRB feature is enabled by higher layer signaling in CE mode B, the indicated PRB by DCI will be shifted depending on the system bandwidth and the NB it locates as shown in Table 8.
Conclusion
This contribution discusses more flexible starting PRB for PDSCH/PUSCH resource allocation, the proposals are as below:
Proposal 1: When the more flexible starting PRB feature is enabled by higher layer signaling in CE mode A, in addition to legacy resource allocations, 10 states out of the currently unused 11 states in 5 LSB bits of ‘Resource block assignment’ field are used to indicate 2~6 PRBs with starting PRB or ending PRB aligned to a boundary of a RBG:
· Starting PRB of the RBG lower than and nearest to the bottom of the NB, and the following {1, 2, 3, 4, 5} PRBs
· Ending PRB of the RBG higher than and nearest to the top of the NB, and the preceding {1, 2, 3, 4, 5} PRBs
· All “1” state of the ‘Resource block assignment’ field is used for HARQ-ACK DCI.
Proposal 2: When the more flexible starting PRB feature is enabled by higher layer signaling in CE mode B, the indicated PRB by DCI will be shifted depending on the system bandwidth and the NB it locates as shown in Table 8.
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RIV RB

start

L

CRB

21 -1 2

22 -1 3

23 -1 4

24 -1 5

25 -1 6

26 1 6

27 2 5

28 3 4

29 4 3

30 0 6

31 1 5

Table 2 for RBs in [-1+0,5+1]

RIV RB

start

L

CRB

21 0 2

22 0 3

23 0 4

24 0 5

25 0 6

26 0 6

27 1 5

28 2 4

29 3 3

30 0 6

31 1 5

Table 1 for RBs in [0,5]

RIV RB

start

L

CRB

21 -1 2

22 -1 3

23 -1 4

24 -1 5

25 -1 6

26 1 6

27 2 5

28 3 4

29 4 3

30 2 6

31 3 5

Table 3 for RBs in [-1+0, 5+2]

RIV RB

start

L

CRB

21 -1 2

22 -1 3

23 -1 4

24 -1 5

25 -1 6

26 0 6

27 -2 5

28 -2 4

29 -2 3

30 -2 6

31 1 5

Table 4 for RBs in [-2+0, 5]

RIV RB

start

L

CRB

21 5 2

22 5 3

23 4 4

24 0 5

25 0 6

26 1 6

27 2 5

28 3 4

29 4 3

30 2 6

31 3 5

Table 5 for RBs in [0,5+2]
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