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In RANP #72, Further Enhanced MTC for LTE WI was approved [1] that included a task to support the higher data rate than 1Mbps for voice capable wearable devices and health monitoring devices. In this contribution, we discuss the RB assignment for higher data rates. 
· In the RAN1 meeting the following was agreed [2]: 
	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
· Rel-14 non-BL UEs can support CE mode B in connected mode with a maximum PDSCH channel bandwidth of either 1.4, 5 or 20 MHz.
· Rel-14 non-BL UEs can support CE mode B in connected mode with a maximum PUSCH channel bandwidth of 1.4 MHz.

Agreements:
· The PDSCH Allocation for FeMTC UEs supporting larger BW is limited to resource blocks that are part of narrow bands defined in LTE Release 13 for UEs configured with 5 MHz max PDSCH channel bandwidth
· 24 PRBs is the maximum number of PRBs that can be allocated
· The PDSCH Allocation for FeMTC UEs supporting larger BW is limited to resource blocks that are part of narrow bands defined in LTE Release 13 for UEs configured with 20MHz max PDSCH channel bandwidth
· 96 PRBs is the maximum number of PRBs that can be allocated
· 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

Agreement:
· For Rel-14 BL/CE UE configured with max 5 MHz PDSCH channel bandwidth, contiguous and non-contiguous resource allocation is supported
· For Rel-14 non-BL UEs configured with max 20 MHz PDSCH channel bandwidth, contiguous and non-contiguous resource allocation is supported  


Remaining issues of resource allocation 
In the previous meeting, RAN1 agreed that BL and non-BL UEs can support the following bandwidth shown in the below table 1. However, details of resource allocations were not decided yet. We need to separate the discussion between CE mode and DL/UL. In this section, we discuss our view on each resource allocation one by one.

Table 1 Channel bandwidth for BL/CE UEs and non-BL UEs
	
	
	BL/CE UEs
	Non-BL UEs

	DL
	PDSCH for CE mode A
	5MHz
	5/ 20MHz

	
	PDSCH for CE mode B
	5MHz
	1.4 / 5 / 20MHz

	UL
	PUSCH for CE mode A
	5MHz
	5MHz

	
	PUSCH for CE mode B
	
	1.4MHz



Resource allocation for BL/CE UEs 
CE mode A
In RAN1 #87, various candidate resource allocation schemes for 5MHz DL and UL were proposed by many companies. Candidate schemes were categorized between distributed/localized and localized-only. Distributed/localized means a combination of contiguous and non-contiguous resource allocation that included non-MTC UEs. On the other hand, localized-only means only contiguous resource allocation. In this contribution we share our view based on the above candidate resource allocation schemes.
PDSCH 
RAN1 agreed “For Rel-14 BL/CE UE configured with max 5 MHz PDSCH channel bandwidth, contiguous and non-contiguous resource allocation is supported.” Therefore, combination of distributed and localized resource mapping was agreed for PDSCH. Localized-only resource allocation scheme has been eliminated as a candidate. Following are the alternatives resource allocation corresponding to contiguous and non-contiguous resource allocation. 

	RAN1 #87 Proposals
· Resource allocation is supported for PDSCH with 5 MHz larger channel bandwidth in CE mode A:
· Distributed/localized
· Alt 1: Starting narrowband index (or wideband index) + NB bitmap + Resource allocation within existing narrowband
· Alt 2: Starting narrowband index (or wideband index) + bitmap of RBG within 5-MHz wideband
· Alt 3: Wideband index + distributed allocation based on Resource allocation type 2 within wideband (including localized/distributed flag)



Starting narrow band index or wideband index
Alt-1 and Alt-2 have two types of indications which is starting narrow band or wideband index. Comparing these two indications, there is tradeoff between bit size and scheduling flexibility. As shown in the figure 1 below, starting narrowband index can indicate each 1.4MHz. On the other hand, wideband index can only indicate the each 5MHz. The narrowband indication granularity provides more scheduling flexibility than the wideband indexing making. Taking multiplexing with legacy UE easier to handle; therefore, we support the starting narrowband index.

Proposal 1: RAN1 should support starting narrowband index for multiplexing with legacy UEs.


Figure 1 Narrow band index and wideband index in 20MHz system bandwidth.

In addition, in the 5-MHz wide or smaller bandwidth carrier deployments won’t require any indexing unless if the narrowband indexing is used. 

Observation 1: Starting narrowband index is used for  5MHz system bandwidth such as 20MHz.

We will discuss the three alternatives from the aspect of scheduling flexibility, bit size and complexity of multiplexing with legacy UEs.
 
Alt-1: Starting narrowband index + NB bitmap + Resource allocation within existing narrowband
· Alt-1 has higher scheduling flexibility than the other two methods if resource allocation within NB is indication per NB. However, if resource allocation within NB is indicated per NB, then the overhead bits are required such as number of NB * resource allocation bits per NB. Therefore, resource allocation within existing narrowband should be limited at Alt-1. For example, resource allocation within existing narrowband can indicate within only one NB or common resource allocation between NBs in order to reduce the bit size. However, this limitation decreases scheduling flexibility and resource allocation of UE multiplexing would be restricted. 

Alt-2: Starting narrowband index + bitmap of RBG within 5-MHz wideband
· Alt-2 has same higher scheduling flexibility than Alt-1. Additionally, Alt-2 can easily multiplex with legacy UE since Alt-2 can indicate resource allocation within NBs. However, from bits size perspective, bit size of Alt-2 is slightly larger than Alt-1. For example, if RBG size= 2 in 5MHz system bandwidth, total bits size is 12 bits. With RBG size = 3, total bit size decreases to 8 bits which is smaller than Alt-1 of 9 bits.

Alt-3: Wideband index + distributed allocation based on Resource allocation type 2 within wideband (including localized/distributed flag)
· Alt-3 supports the distributed allocation based on Resource allocation type 2. As mentioned above, scheduling flexibility of wideband isn’t better than narrowband index indication. From the perspective of UE multiplexing complexity, Resource allocation type 2 can make only one gap. Therefore, Resource allocation type 2 cannot avoid more than one legacy resource allocation. In addition, legacy gap length of VRBs is fixed value depending on system bandwidth. If FeMTC use the distributed Resource allocation type 2, the fixed value should depend on the larger maximum bandwidth (i.e. 5MHz). This fixed gap length is not suitable to multiplex with legacy UE. Therefore, multiplexing with legacy UE with Alt-3 is difficult than other alternatives. Even if we support the variable values of gap length, more bits for gap indication would be necessary. 

The summary of feature of these alternatives is shown in the below Table 2. Taking into account the scheduling flexibility, bit size and multiplexing, Alt-2 is most reasonable. Additionally, RBG size should be 2 or 3.

Proposal 2: Starting narrowband index + bitmap of RBG within 5-MHz wideband should be supported for PDSCH in CE mode A.
· RBG size should be 2 or 3.

Table 2 Feature of alternative for PDSCH with BL/CE UE in CE mode A
	
	Scheduling flexibility
	Bit size(5MHz/ 20MHz)
	Multiplexing with legacy

	Alt-1(narrow)
	High
	9 bits/ 13 bits*1
	Mid

	Alt-2(narrow)
	High
	RBG = 2: 12 bits / 16 bits
RBG = 3:   8 bits / 12 bits
	High

	Alt-3
	Low
	9 bits / 11 bits
	Low


*1 In the case of indicating only one resource allocation within existing narrowband

PUSCH 
As shown in the Table1, BL/CE UE in CE mode A supports 5MHz PUSCH transmission. In addition, RAN1 agreed “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 means 25 PRBs can be used for UL in 5 MHz system bandwidth for contiguous resource allocation to achieve lower PAPR. Therefore, PUSCH resource allocation should be continuous mapping for BL/CE UE in CE mode A and the following 5 candidates for continuous resource allocations were listed up in the RAN1 87[2]. 

	RAN1 #87 Proposals
· Continuous resource allocation is supported for PUSCH with 5 MHz larger channel bandwidth in CE mode A:
· Alt A: Starting narrowband index (or wideband index) + existing PUSCH type 0 within 5-MHz wideband
· Alt B: Existing PUSCH type 0 (RIV limited) 
· Alt C: Starting RB index + number of RBs
· Alt D: Starting narrowband index + number of NBs
· Alt E: Starting NB index + number of RBs



At first, existing PUSCH type 0 with RIV limited means that RIV indicates the starting RB location which varies from 0 to (system bandwidth -1) and length which is limited with 25 PRBs. On the other hand, Alt-C also can indicate the starting RB location and length whose bit size can be larger than Alt-B without any optimization. If optimization is applied, bit size is same as Alt-B. Therefore, we assume the Alt-B and Alt-C is the same and going forward we consider only Alt-B in remainder of this section. .
Comparing scheduling flexibility between the above five alternatives, Alt-B has the highest scheduling flexibility since the granularity of starting point and resource allocation is based on the RB granularity. Alt-A and Alt-E can indicate NB starting point + RB based granularity of resource allocation, Therefore, scheduling flexibility of Alt-A and Alt-E is lower than the Alt-B. Alt-D is lowest scheduling flexibility since it has the NB based granularity.
From UE’s multiplexing with legacy UEs complexity, all alternatives do not any issues. However, there is the difference from resources utilization. For example, Alt-B can multiplex with legacy UE in same NBs. However, Alt-E cannot multiplex with legacy UE within the starting NBs. Alt-A has no restriction to multiplex with legacy UE within the starting NBs, while number of allocable RBs would decrease compared to Alt-B. Alt-D can multiplex with legacy UE within resource allocation of neither starting NB nor ending NB. 
Taking into account the higher data rates, Alt-B is most preferable for BL/CE UE PUSCH in CE mode A.

Proposal 3: Existing PUSCH type 0 should be supported for PUSCH in CE mode A. 
 
Table 3 Feature of alternative for PUSCH with BL/CE UE in CE mode A
	
	Scheduling flexibility
	Bit size(5MHz/20MHz)
	Multiplexing with legacy

	Alt-A(narrow)
	Mid
	9 bits / 13 bits
	Mid

	Alt-B(RIV limited)
	High
	9 bits / 12 bits
	High

	Alt-C(without optimization)
	High
	10 bits / 12 bits
	High

	Alt-D
	Low
	4 bits / 8 bits
	Low

	Alt-E
	Mid
	7 bits / 9 bits
	Mid



CE mode B for PDSCH
In the previous meeting a larger maximum PDSCH for CE mode B was adopted in Rel-14 and 5 MHz PDSCH is supported. Considering the resource allocation based on the legacy DCI 6-1B which is used for PDSCH CE mode B, DCI 6-1B resource allocation has only 1 bit which means 4 PRB or 6 PRB expect for indication of NB index since in the case of many repetition resource allocation don’t need much scheduling flexibility. In addition, scheduling gain would not be large, even when the fine resource allocation is supported. Therefore, bit size is most important factor for CE mode B. Small bit length can keep DCI coding rate low. Therefore, we support to indicate “starting NB index + NB bitmap” for PDSCH in CE mode B. For example, Starting NB index and NB bitmap consists of 8 bits (4 bits + 4 bits) for 20 MHz system bandwidth.

Proposal 4: Starting NB index + NB bitmap should be supported for PDSCH in CE mode B.

RB assignment for non-BL UEs
CE mode A
PDSCH
As shown in the Table 1, non-BL UE in CE mode A can support the 5 MHz and 20 MHz. Considering reduction of standardization effort and less complexity, same scheme of RB assignment between BL/CE UEs and non-BL UEs is preferable. Therefore, we support the “Starting narrowband index + bitmap of RBG”. However, when non-BL UEs are configured to receive 20 MHz, starting narrow band index is not required.

Proposal 5: Starting narrowband index + bitmap of RBG should be supported for non-BL UE’s PDSCH in CE mode A.
· Starting narrowband index should be eliminated, if non-BL UEs operate 20 MHz PDSCH

PUSCH
PUSCH for non-BL UE in CE mode A supports the 5MHz which is same as BL/CE UEs PUSCH in CE mode A. Therefore, we don’t need to support another new resource allocation scheme. We support the same scheme which is existing PUSCH type 0.

Proposal 6: Existing PUSCH type 0 should be supported for non-BL UE operating 5 MHz PUSCH in CE mode A. 

CE mode B 
PDSCH
Regarding non-BL UE PDSCH in CE mode B, UEs would be configured to 1.4 MHz or 5 MHz or 20 MHz. Taking into account standardization effort and having less complexity, same scheme of RB assignment is preferable. 1.4 MHz channel bandwidth is same as the legacy eMTC. Therefore, legacy resource allocation method (narrow band index + 1 bit) can be reused. On the other hand, regarding 5 MHz and 20 MHz resource allocation should be based on 5 MHz BL/CE UE which is starting NB index + NB bitmap should be supported. However, when UEs are configured to 20 MHz, starting NB index is not necessary since BL/CE UE can receive the whole bandwidth. 

Proposal 7: Resource allocation of Rel-13 eMTC for PDSCH in CE mode B (narrowband index and 1 bit) should be reused for non-BL UE PDSCH in CE mode B with 1.4MHz bandwidth.

Proposal 8: Starting narrow band index + NB bitmap should be supported for non-BL UE PDSCH in CE mode B with 5 MHz and 20 MHz.
· Starting narrowband index should be eliminated, if non-BL UEs operate 20 MHz PDSCH

PUSCH
PUSCH for non-BL UE in CE mode B supports the 1.4 MHz which is same as bandwidth of Rel-13 eMTC resource allocation. Therefore, we don’t need to support another new resource allocation scheme. We support the same scheme which is narrow band index + 3 bits.

Proposal 9: Resource allocation of Rel-13 eMTC for PUSCH in CE mode B (narrowband index and 3 bit) should be reused for non-BL UE PUSCH in CE mode B with 1.4 MHz bandwidth.


Conclusions
In this contribution, we provided our views on each case of resource allocation. We have following observation and proposals:
Observation 1: Starting narrowband index is used for  5MHz system bandwidth such as 20MHz.

Proposal 1: RAN1 should support starting narrowband index for multiplexing with legacy UEs.

Proposal 2: Starting narrowband index + bitmap of RBG within 5-MHz wideband should be supported for PDSCH in CE mode A.
· RBG size should be 2 or 3.

Proposal 3: Existing PUSCH type 0 should be supported for PUSCH in CE mode A. 

Proposal 4: Starting NB index + NB bitmap should be supported for PDSCH in CE mode B.

Proposal 5: Starting narrowband index + bitmap of RBG should be supported for non-BL UE’s PDSCH in CE mode A.
· Starting narrowband index should be eliminated, if non-BL UEs operate 20 MHz PDSCH

Proposal 6: Existing PUSCH type 0 should be supported for non-BL UE operating 5 MHz PUSCH in CE mode A. 

Proposal 7: Resource allocation of Rel-13 eMTC for PDSCH in CE mode B (narrowband index and 1 bit) should be reused for non-BL UE PDSCH in CE mode B with 1.4MHz bandwidth.

Proposal 8: Starting narrow band index + NB bitmap should be supported for non-BL UE PDSCH in CE mode B with 5 MHz and 20 MHz.
· Starting narrowband index should be eliminated, if non-BL UEs operate 20 MHz PDSCH

Proposal 9: Resource allocation of Rel-13 eMTC for PUSCH in CE mode B (narrowband index and 3 bit) should be reused for non-BL UE PUSCH in CE mode B with 1.4 MHz bandwidth.
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