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[bookmark: _Ref349588338]1. Introduction
In RAN 1 #92 meeting, the following agreements were made [1]:
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
This contribution analyzes the design for flexible PDSCH/PUSCH starting PRB. 
2. Flexible starting PRB for PDSCH/PUSCH
For eMTC, LTE bandwidth is divided into several narrowbands (NBs) containing consecutive 6 PRBs. Resource allocation of a BL/CE UE is confined within a NB, meanwhile, resource allocation of LTE UE is based on resource block group (RBG). When eNB schedules LTE UEs and BL/CE UEs simultaneously, the LTE UEs may experience a loss of user throughput due to a misalignment of NB and RBG. For example, as illustrated in Figure 1, NB #2 overlaps with RBG #4, #5 and #6, and the starting PRB of the NB doesn’t align with the RBG. If the NB #2 is used by BL/CE UEs, PRB #12, #19, and #20 cannot be allocated to LTE UEs, and this will cause resource fragmentation. To avoid the resource fragmentation caused by the misalignment of NB and RBG, 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 NB and RBG may cause the degradation of user throughput.
[image: ]Figure 1 One example of misalignment between NB and RBG for 10MHz LTE bandwidth [1]
In the last meeting, a higher layer signaling is agreed to enable/disable flexible PDSCH/PUSCH starting PRB for a BL/CE UE. Considering backward compatibility, the flexible starting PRB shall not be used for broadcast channel. And, if a BL/CE UE is scheduled within a NB without misalignment issue of starting PRB, which is possible for some NB in some case of LTE bandwidth as illustrated in Figure 2, it is unnecessary to enable the flexible starting PRB. Thus, a UE specific RRC signaling is preferred to enable/disable the flexible starting PRB. And, the RRC signaling should be separately configured for PDSCH and PUSCH.
Proposal #1: A UE specific RRC signalling is used to enable/disable the flexible starting PRB separately for PDSCH and PUSCH.
To resolve the misalignment issue of starting PRB between NB and RBG, a straightforward solution could be to shift the starting PRB of NB, and move the whole allocated resource within the NB according to the shift. For example, for the case of 10MHz bandwidth in Figure 1, if the starting PRB of the NB #2 can be shifted by 1 PRB forward, the starting PRB of the NB #2 can align with RBG #4, and RBG #6 will no longer overlap with NB #2. Then, RBG #6 can be allocated to a LTE UE. The similar shifting rule can be used for other case of LTE bandwidth. 
[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\NarrowbandAndRbg.png]
Figure 2 Misalignment between NB and RBG for all cases of LTE bandwidth [2]
Figure 2 illustrates the misalignment of starting PRB between NB and RBG for all cases of LTE bandwidth. It is observed that the number of PRBs in each RBG is different in different LTE bandwidth, and the assignment method to divide PRBs into NBs is also different in different LTE bandwidth. For example, unlike 10MHz bandwidth, the middle PRB doesn’t belong to any NB for the case of 15MHz and 5MHz bandwidth. It makes the first half of NBs and the second half of NBs have different offset to the boundary of RBG. In this case, the method for shifting the starting PRB of NB should depend on the specific NB in the specific case of LTE bandwidth. The shifting rule of starting PRB for each NB is proposed in Table 1 for all cases of LTE bandwidth.
Observation #2: The shifting rule of starting PRB is dependent on LTE bandwidth, and can be different for different NB index even in the same LTE bandwidth.
Table 1 Shifting rule of starting PRB 
	LTE Bandwidth
	RBG size
	Shifting rule of starting PRB 

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

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

	10MHz
	3
	Shift 1PRB forward for each NB.

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

	20MHz
	4
	No shift for any NB.



Based on the above analysis, the shifting rule of starting PRB may be different for different NB. For a BL/CE UE with the maximum bandwidth larger than 1.4MHz, the allocated resource may across multiple NBs. If the shifting manner is indicated explicitly in DCI, it implies individual indication for each allocated NB, which may largely increase the DCI payload size. In fact, the shifting manner of each NB is dependent on system bandwidth, as shown in Table 1. And, it is unnecessary to provide flexibility of with shifting or non-shifting via DCI signalling. Therefore, the shifting rule of NB shall be hardcoded in the specification and no signalling is expected for indication of the shifting rule. If the flexible starting PRB is enabled by higher layer signalling, the allocated NB(s) follow the specified shifting rule. When frequency hopping between multiple NBs, which is agreed in the last meeting, not only the allocated NB but also other NBs for hopping shall follow the shifting rule of starting PRB. 
Proposal #2: Specify a shifting rule of starting PRB for each NB for all cases of LTE bandwidth.
Another method to provide flexible starting PRB may be to redesign the resoruce allocation, e.g., no concept of NB, and any 1~6 consecutive PRBs within the system bandwidth can be allocated to a BL/CE UE. This method will increase DCI payload size and have a considerable specification effort. In addition, this method cannot be compatible with legacy frequency hopping. Therefore, considering specification effort and compatibility with legacy frequency hopping, keeping legacy DCI payload size shall be a baseline, and no new resource allocation is introduced.
Proposal #3: Keep legacy DCI payload size, and don’t introduce new resource allocation. 
3. Conclusion
In this paper, support for the flexible starting PRB for PDSCH/PUSCH was discussed. Based above discussion, we have the following observations: 
Observation #1: The misalignment of NB and RBG may cause the degradation of user throughput.
Observation #2: The shifting rule of starting PRB is dependent on LTE bandwidth, and can be different for different NB index even in the same LTE bandwidth.
Based on these observations, we have following proposals:
Proposal #1: A UE specific RRC signalling is used to enable/disable the flexible starting PRB separately for PDSCH and PUSCH.
Proposal #2: Specify a shifting rule of starting PRB for each NB for all cases of LTE bandwidth.
Proposal #3: Keep legacy DCI payload size, and don’t introduce new resource allocation. 
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