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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#87, the following agreements on supporting larger PUSCH channel bandwidth in FeMTC were reached [1]:
	Agreement:
· 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.
Agreement:
· The following RAN1 agreement is modified for max channel BW for PUSCH for non-BL UEs
· From 
· Rel-14 non-BL UE can support CE mode A in connected mode with a maximum PDSCH/PUSCH channel bandwidth of either 5 or 20 MHz
· To
· 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
Agreement:
· 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


It was agreed that the maximum PUSCH channel bandwidth is configured semi-statically through RRC signaling in Rel-14, but the resource allocation indication method is still an open issue. In this contribution, resource allocation for PUSCH in CE Mode A considering above agreements is discussed. 
Discussion
Resource allocation and indication for PUSCH
Based on the agreements reached in RAN1#87 and RAN1#86 [2], the maximum PUSCH channel bandwidth of both Rel-14 BL/CE and non-BL UE in CE Mode A would be 5 MHz. And since the central PRB is allocatable in PUSCH, the total number of PRBs would be 25 with an UL bandwidth of 5 MHz. 
Though it is agreed in RAN1#87 that both contiguous and non-contiguous resource allocations are supported in PDSCH, the benefit of supporting non-contiguous resource allocation in PUSCH is not clear, especially when considering the restriction of PAPR/CM. Thus, contiguous resource allocation is preferred in PUSCH.
Proposal 1: For Rel-14 BL/CE UE and non-BL UE configured with max 5 MHz PUSCH channel bandwidth, only contiguous resource allocation is supported.
There are a number of alternatives to indicate the contiguous resource allocation, as shown in Table 1. It can be seen that the common issue of the allocation methods with a uniform granularity is the loss in either overhead or granularity: with a fine granularity the overhead is large, reducing the MPDCCH performance, and with a coarse granularity there is a serious waste of resources for small allocations. Further limitations can be applied (e.g. the starting RB is limited to be the first RB of a NB) in order to save 1 bit, at the cost of lower resource allocation flexibility. 
On the other hand, a “mixed granularity” approach reaches a good trade-off between overhead and granularity, as shown in the last row in Table 1. The number of bits can be maintained the same as Rel-13, with the finest granularity (i.e. 1 PRB) for small allocations and a granularity comparable with other alternatives for large allocations, and with no limitation on the starting RB within the 5 MHz bandwidth. 
[bookmark: _Ref473048126]Table 1 Comparison of contiguous resource allocation indication methods, BW=20 MHz
	Resource Allocation Method
	Bit Cost (bit)
	Granularity (RB)
	Limitations

	UL Type 0
	13
	1 
	

	UL Type 0 
(RIV-limited) [5]
	12
	1 
	Need to limit the RIV values

	UL Type 0
(RBG-based) [6]
	10
	2 
	

	
	9
	3 
	

	
	8
	4 
	

	NB index + contiguous RBGs [6]
	8
	2 
	The starting point of the RBs is the starting point of a NB

	
	8[footnoteRef:1] [1:  In [6], the bit costs of this method were written as 10 and 9 with RBG=2 and 3, respectively. But after recalculating them we think 8 bits would be the correct value for both RBG cases.] 

	3 
	

	 “Distribution Area” 
based method [8]
	12
	1
	Need to define several parameters such as DA (Distribution Area); the allocated RBs are keep in one DA

	NB index + UL type 0 (PRB-based for <= 1 NB and RBG-based for > 1 NB) [7][9]
	9
	1 (within 1 NB)
3 (larger than 1NB)
	When allocating resources larger than 1 NB, the starting point of the RBs is the starting point of a NB

	NB index + UL type 0
(PRB-based for <=1 NB)
UL type 0
(RBG-based for > 1 NB)
	9
	1 (within 1 NB)
3 (larger than 1NB)
	


Observation1: With a uniform granularity, it is hard to achieve a good balance between overhead and granularity.


Another benefit of the “mixed granularity” approach in Table 1 is that it is compatible with the Rel-13 PUSCH resource allocation scheme in DCI format 6-0A. For the less than or equal to 1 NB case, the Rel-13 scheme can be fully reused, i.e.  bits are used to indicate the NB index, and other 5 bits provide RIV within the NB based on UL resource allocation type 0. For the greater than 1 NB case, the resource can be allocated with the unused states in Rel-13 (i.e. 11 states, 10101~11111, in RIV, in combination with the  bits of NB index). 

For example, with a 20 MHz system bandwidth, a total of 9 bits are used for resource allocation in DCI format 6-0A, giving a total of  512 states. However, since only 21 of the 32 states from the 5 LSB bits are used, the number of the unused states (combining with the  bits) is 24×(32-11) =176.  It is enough to indicate the resource allocation from larger than 6 RBs to 24 RBs (without considering PRBs not belonging to any NB) with a granularity of RBG=3 RBs, as illustrated in Table 2. The handling of the PRBs not belonging to any NB will be discussed in Section 2.2.
[bookmark: _Ref471919718]Table 2 Number of states, BW=20 MHz, Option 2
	Allocated resource (RB)
	Number of states
	Allocated resource (RB)
	Number of states

	9
	30
	18
	9

	12
	29
	21
	12

	15
	28
	24
	15

	Total
	165
	
	


Similar conclusions can be achieved with other system bandwidths. Hence, a wider bandwidth resource allocation can be indicated without additional bits. The UE can firstly check the state of the 5 LSB bits to judge whether the allocation is within or larger than a NB. If the state is used in Rel-13, the UE can read the control information by the legacy way in Rel-13. Otherwise, the UE can read the control information by a new way which indicates a contiguous resource allocation with a granularity of 3 RBs. UL resource allocation type 0 can be reused in this case by appropriately mapping the reserved states to RIVs.
Another allocation method with “mixed granularity” was proposed in [7][9], as shown in the next-to-last row in Table 1, where the NB index and contiguous RBGs would be applied to indicate the allocation larger than 1 NB. One issue for this method is that the starting point of the allocated RBs will have to be aligned with the starting point of a NB when allocating resources larger than 1 NB. On the contrary, RBG-based UL type 0 does not have such limitation. Such advantage can potentially improve the transmission quality and system capacity.
Proposal 2: Resource allocation for 5 MHz maximum PUSCH bandwidth in CE mode A consists of the following:
· Narrowband index and PRB-based UL type 0 within the narrowband;
· RBG-based UL type 0 within the 5 MHz bandwidth.
· RBG size is 3.
[bookmark: _Ref472001108]Handling of PRBs not belonging to any NB
It is FFS in RAN1#87 whether the PRBs at the band edges that do not belong to any narrowband can be used in PUSCH transmission for FeMTC UEs. From the point of view of improving the throughput, all the PRBs, including the PRBs at the band edge not belonging to any narrowband, should be used. There does not seem to be any technical limitations of using these PRBs, so we propose that these PRBs can be used in PUSCH transmission.
Proposal 3: The PUSCH allocation for FeMTC UEs with larger BW can include the PRBs at the band edges that do not belong to any narrowband.
A potential issue when reusing the NB defined in Rel-13 is that the PRBs not belonging to any NB cannot be allocated to the UEs. These PRBs, however, can be separately handled from the RBs belonging to certain NBs. Separately handling these PRBs has considerable benefits, for instance, the NBs of UL and DL can be aligned, and the NBs of Rel-14 and Rel-13 can also be aligned. These can improve the efficiency of coexistence of Rel-14 FeMTC UEs and Rel-13 eMTC UEs in the resource allocation point of view, especially considering the UEs in CE Mode B.
A possible way of handling could be predefining the assignment of these PRBs. For example, if at least one of the allocated RBs (belonging to certain NBs) of a UE is contiguous to a PRB not belonging to any NB, then this PRB would be allocated to this UE automatically. For the central PRB in case of odd system bandwidth, it can be pre-set that the UE in one side, e.g., the lower frequency side, includes this PRB in its allocation. An example is given in Figure 1, where the coloring of the RB/NB represents the allocation result.
[image: ]
[bookmark: _Ref471927688][bookmark: _Ref471927684]Figure 1 Predefine the assignment of PRBs not belonging to any NB
For the PRBs at the band edges that do not belong to any NB, the handling of them can also be fixed, if they are agreed to be used in the PUSCH transmission. But when the system bandwidth is 20 MHz, there will be two PRBs not belonging to any NB at each band edge. It is worth mentioning that the number of total allocated RBs for PUSCH should be guaranteed to be less than or equal to 25,  as illustrated in Figure 2.
[bookmark: _GoBack][image: ]
[bookmark: _Ref471928985]Figure 2 Predefine the assignment of PRBs not belonging to any NB, BW=20 MHz
Another way of handling these PRBs is by dynamically scheduling with one (or more) additional indicator bit(s) in the DCI. But dynamic scheduling will make the DCI larger with the consequently higher chance of losing the DCI and less coverage, etc. So it is more stable to define in specification the use of these PRBs.
Note that, even though some contiguous allocation methods can allocate the PRBs not belonging to any NB without extra handling (e.g., UL resource allocation type 0), the predefining method is compatible with them.
Proposal 4: For PRBs which do not belong to any narrowband:
· The central PRB is assigned contiguous with  the allocation on the low-frequency side of the center
· The PRBs at the band edges are assigned contiguous with their adjacent PRBs.
· The outer PRB is not be assigned if the number of total allocated RBs for PUSCH is larger than 25 in the case of BW=20 MHz.
Conclusions
In this contribution, resource allocation for PUSCH in CE Mode A is discussed. Based on the discussion, we have the following observation and proposals:
Observation1: With a uniform granularity, it is hard to achieve a good balance between overhead and granularity.
Proposal 1: For Rel-14 BL/CE UE and non-BL UE configured with max 5 MHz PUSCH channel bandwidth, only contiguous resource allocation is supported.
Proposal 2: Resource allocation for 5 MHz maximum PUSCH bandwidth in CE mode A consists of the following:
· Narrowband index and PRB-based UL type 0 within the narrowband;
· RBG-based UL type 0 within the 5 MHz bandwidth.
· RBG size is 3.
Proposal 3: The PUSCH allocation for FeMTC UEs with larger BW can include the PRBs at the band edges that do not belong to any narrowband.
Proposal 4: For PRBs which do not belong to any narrowband:
· The central PRB is assigned contiguous with  the allocation on the low-frequency side of the center
· The PRBs at the band edges are assigned contiguous with their adjacent PRBs.
· The outer PRB is not be assigned if the number of total allocated RBs for PUSCH is larger than 25 in the case of BW=20 MHz.
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