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Introduction
RAN1#94bis discussed frequency retuning and frequency hopping for flexible starting PUSCH PRB for Rel-15 BL/CE UEs and made the following agreement.
	Agreement:
· The PUSCH frequency hop for a BL/CE UE with flexible starting PUSCH PRB is calculated similarly as for legacy BL/CE UEs in the sense that it minimizes collision between the two (for all system bandwidths).
· Frequency hopping for PUSCH CEModeA with flexible RA is allowed except for the following cases
· The allocated RBs include the center PRB, which is outside the NBs in case of for BW=3MHz, 5MHz, 15MHz. But the starting RB(s) including RBSTART and the ending RB(s) including (RBSTART+LCRBs1) are inside different NBs.
·  The allocated RB(s) is(are) totally outside the NBs, i.e., two edges or center RB.
· If a frequency hop would result in a split PUSCH resource allocation for a BL/CE UE in a subframe, where some PRB(s) are on one edge of the system bandwidth and some PRB(s) are on the other edge of the system bandwidth, the transmission is dropped in that subframe.



This discussion paper accompanies the draft RAN1 CRs in [1], [2] and [3] on edge PRB restriction, frequency retuning and frequency hopping, respectively.
Issue #1: Edge PRB restriction
The new PUSCH resource allocation with flexible starting PRB allows allocation outside the 6-PRB narrowbands. Some concerns have been raised that this may require RAN4 to revisit A-MPR requirements and that this might jeopardize the timely and successful conclusion of the work in December 2018. To address these concerns, one possibility could be to disallow resource allocations that would contain (one or two) edge PRBs that are not part of any narrowband.
Such a restriction would reduce the scheduling flexibility to some extent, but since these edge PRBs are in practice likely to be occupied e.g. by PUCCH transmissions, the resulting impact of the restriction may be insignificant. The restriction is in line with the RAN1#94bis agreements on frequency hopping that deprioritize the special cases which involve edge PRBs and may help simplify the specification of the frequency retuning and frequency hopping (see following sections).
[bookmark: _Toc529313759]For flexible starting PUSCH PRB, disallow the PUSCH resource allocation cases that contain one or more edge PRBs not belonging to any narrowband.
A draft 36.213 CR on edge PRB restriction for flexible starting PUSCH PRB is provided in [1].
Issue #2: Frequency retuning
When a Rel-13 BL UE is tuned to a 6-PRB narrowband, its uplink transmission may contain an image signal beside the desired signal. The mirror PRB(s) are required to have 25 dBc suppression compared to the desired PRB(s) according to TS 36.101. If the image signal from one UE is not sufficiently suppressed, other UEs will experience performance degradation due to the interference. If two or more Rel-13 BL UEs are tuned to the same narrowband, since the narrowband definitions are the same for all these UEs, none of the PRBs in the narrowbands will be hit by more than one image signal. This is illustrated in Figure 1.


[bookmark: _Ref529311960]Figure 1: Image suppression for the allocated PRB of UE #1



[bookmark: _Ref529312911]Figure 2: Double image generated at the same PRB position for UE #3

For a UE with flexible starting PUSCH PRB, where the UE center frequency does not necessarily coincide with the center of a Rel-13 narrowband, the UE center frequency needs to be carefully selected to avoid a situation where other (legacy) BL UEs are hit by more than one image signal. Figure 2 illustrates such a situation, where UEs #1 and #2 have tuned their center frequencies in a way that is detrimental to UE #3 which is hit by not only one but two image signals.
Tightening the image suppression requirement by 3 dB would solve the problem but may not be desired from UE implementation point of view. Instead, we propose to specify the center frequency in a similar way as was done when wider PUSCH channel bandwidths were introduced in Rel-14, and hence we have the following proposals.
If the PUSCH resource allocation is within a narrowband, the center frequency of the transmission bandwidth is the center frequency of the narrowband.
If the PUSCH resource allocation spans two narrowbands, the center frequency of the transmission bandwidth is in the center of the PUSCH resource allocation.
A draft 36.211 CR on frequency retuning for flexible starting PUSCH PRB is provided in [2].
[bookmark: _Ref178064866]Issue #3: Frequency hopping
RAN1#94bis made the following agreement, which needs to be captured in RAN1 specification.
	Agreement:
· The PUSCH frequency hop for a BL/CE UE with flexible starting PUSCH PRB is calculated similarly as for legacy BL/CE UEs in the sense that it minimizes collision between the two (for all system bandwidths).
· Frequency hopping for PUSCH CEModeA with flexible RA is allowed except for the following cases
· The allocated RBs include the center PRB, which is outside the NBs in case of for BW=3MHz, 5MHz, 15MHz. But the starting RB(s) including RBSTART and the ending RB(s) including (RBSTART+LCRBs1) are inside different NBs.
·  The allocated RB(s) is(are) totally outside the NBs, i.e., two edges or center RB.
· If a frequency hop would result in a split PUSCH resource allocation for a BL/CE UE in a subframe, where some PRB(s) are on one edge of the system bandwidth and some PRB(s) are on the other edge of the system bandwidth, the transmission is dropped in that subframe.



A draft 36.211 CR on frequency hopping for flexible starting PUSCH PRB is provided in [3].
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