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[bookmark: _Ref349588338]1. Introduction
In RAN meeting #77, the revision on WID of even further enhance MTC for LTE were made, as following
Improved spectral efficiency:
· Introduce capability signaling for support for CRS muting outside BL UE narrowband/wideband [RAN1 lead, RAN2, RAN4]
· Enable BL UE to optionally indicate that it does not rely on CRS outside its narrowband/wideband +/- X PRBs, where X is determined by RAN1 and RAN4.
· Increased PDSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· Specify optional support for 64QAM for unicast PDSCH (no UE peak rate increase is intended).
· 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]
· E.g. sub-PRB resource allocation, with no less than 3 subcarriers within a sub-PRB allocation.
· 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.
This contribution analyzes the design for flexible PDSCH/PUSCH starting PRB. 
2. Flexible starting PRB for PDSCH/PUSCH
LTE bandwidth is divided into several narrow bands (NB), each containing consecutive 6 PRBs. All of the eMTC transmissions are performed on NBs, including PDSCH and PUSCH for BL/CE UEs. For non-BL/CE UEs in LTE systems, the resource allocation type 0 is a widely used downlink allocation strategy, which provides the highest spectrum utilization and user throughput for scheduling a single user. The downlink resource allocation type 0 is based on resource block group (RBG). When eNB schedules non-BL/CE UEs and BL/CE UEs simultaneously, the non-BL/CE UE experienced a loss of user throughput that cannot be explained only by the removal of the 6 PRB dedicated to the eMTC NB, due to a misalignment of NB and RBG as in Fig.1. If the NB #2 is used by a BL/CE UE, none of 3 RBGs {#4, #5, #6} can be allocated to non-BL/CE UE because of the starting PRBs of NB and RBG are not aligned. It creates 3 empty PRBs that cannot be used by non-BL/CE UEs. Same throughput loss happens to PUSCH transmission if the resource allocation of non-BL/CE UE uses uplink resource allocation type 1. In RAN meeting #77 it has been agreed to introduce support for flexible starting PRB for both PUSCH and PDSCH resource allocation in connected mode.
Observation #1: The misalignment of narrowband and RBG may cause the degradation of user throughput for both uplink and downlink transmission.
[image: ]Fig 1 One example of misalignment between NB and RBG when LTE bandwidth is 10MHz [1]
According to the agreement, a straightforward solution could be indicating the shift of starting PRB of allocated resource, and move the whole allocated resource of PDSCH/PUSCH block-wisely. It works for the case of 10MHz LTE. As in Fig. 1, we assume BL/CE UE is allocated with all 6 PRBs of NB #2 for either PUSCH or PDSCH. If the starting PRB of the allocated resource can be shifted by 1 PRB ahead, RBG #6 will no longer overlap with NB #2. Then RBG #6 can be allocated to a non-BL/CE UE. Unfortunately, for other LTE bandwidth setting, it may not be always true, which can be explained as follows. 
It is observed that the number of PRBs in each RBG differs with LTE bandwidth, and the assignment methods to divide PRBs into NBs are also different with LTE bandwidth. For example, unlike 10MHz LTE, middle PRB of the bandwidth doesn’t belong to any NB for 15MHz and 5MHz. It makes the first half NBs and second half NBs have different offset to the boundary of RBG. In this case, the method for shifting the starting PRB of resource allocation should be determining by the specific NB that allocated to the BL/CE UE. The starting PRB shifting rule for each NB is provided in Table 1.
	LTE Bandwidth
	RBG size
	Starting PRB shifting rule

	3MHz
	2
	Shift 1PRB ahead for NB indexed of {#0};
No shift for NB indexed of {#1}.

	5MHz
	2
	No shift for NB indexed of {#0, #1};
Shift 1PRB ahead for NB indexed of {#2,#3}.

	10MHz
	3
	Shift 1PRB ahead for every NB.

	15MHz
	4
	[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Shift 1PRB ahead/backward for NB indexed of {#0,#1,…,#5};
No shift for NB indexed of {#6,#7,…,#11}.

	20MHz
	4
	No shift for any NB.


Table 1
Observation #2: The starting PRB shifting rule for allocated NB should depend on LTE bandwidth, and can be different for different NB index even under the same LTE system bandwidth.
In legacy eMTC, both PDSCH and PUSCH can be allocated with resources across multiple NBs, if the maximum bandwidth of UE is more than 1.4MHz. Based on the above analysis, the shift of the allocated resource should be narrowband by narrowband with different shifting manner. If the manner of shifting each allocated NB is indicated explicitly in DCI, it implies individual indication for each allocated NB, which may largely increase the DCI payload size. For example, for PDSCH, if the maximum bandwidth is 20MHz and system bandwidth is 15MHz, it needs 12 bits at most by using bitmap indication for shifting manner of allocated NBs. In fact, the shifting manner of every NB is determined by system bandwidth, as shown in Table 1. We propose an implicit indication to use 1-bit on-off signal for this feature, through either RRC or DCI signalling. UE can shift the starting PRB of every allocated NB based on the shifting manner determined by system bandwidth. 
Proposal: Introduce 1-bit on-off signal for the starting PRB shifting feature, and UE shifts the starting PRB of every allocated NB based on the system bandwidth-dependent shifting manner. 
3. Conclusion
In this paper, the flexible starting PRB for PDSCH/PUSCH was discussed. Based analysis above, we have the following observations: 
[bookmark: _GoBack]Observation #1: The misalignment of narrowband and RBG may cause the degradation of user throughput for both uplink and downlink transmission.
Observation #2: The starting PRB shifting rule for allocated NB should depend on LTE bandwidth, and can be different for different NB index even under the same LTE system bandwidth.
Based on the those observations, we propose
Proposal: Introduce 1-bit on-off signal for the starting PRB shifting feature, and UE shifts the starting PRB of every allocated NB based on the system bandwidth-dependent shifting manner. 
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