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1 IntroductionOne of the objectives of the new work item on Even Further Enhanced MTC for LTE [1] is improve the PUSCH spectral density. Use of sub-PRB resource allocation was mentioned as one technique to consider for this objective as follows in the WID:
	· 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.

· Note: There is no intention to lower the minimum required UE capability compared to UE category M1 as part of this WI, i.e. the UE shall still support a PUSCH transmission of 6 PRBs.


At last RAN1 meeting #90, RAN1 agreed to specify sub-PRB allocation method for Rel-15 MTC, see the agreement below:

	Agreements:
· Sub-PRB allocation method shall be specified


Based on this agreement, in this contribution we discuss the possible impact on RRM requirements due to sub-PRB allocation. 
2 Discussion2.1 Background
2.1.1 Current requirements

The current UE transmit timing requirements are defined in section 7.24 of [3] for UE category M1, and section 7.26 for UE category M2. The requirements are of two types and depend on the UE coverage mode as well as UE bandwidth. The first type corresponds to requirements on UE initial transmission timing error, which shall be less than or equal to Te is as follows [3]: 
Table 7.26.2-1: Te Timing Error Limit
	CE Mode
	Downlink Bandwidth (MHz)
	Te_

	A
	1.4
	24*TS

	A
	5
	[12]* TS

	B
	1.4
	48*Ts

	B
	5
	[40]* TS

	NOTE 1:
TS is the basic timing unit defined in TS 36.211.

NOTE 2:
This requirement applies regardless of the downlink carrier bandwidth.


The second type corresponds to requirement on maximum autonomous time adjustment step when the transmission timing error between the UE and the reference timing exceeds Te, as specified in Table 7.24.2-2, see below:
Table 7.24.2-2: Tq Maximum Autonomous Time Adjustment Step
	CE Mode
	Tq_

	A
	17.5*TS

	B
	17.5*Ts

	NOTE 1:
TS is the basic timing unit defined in TS 36.211.

NOTE 2:
This requirement applies regardless of the downlink carrier bandwidth.


In addition, there are also requirements defined on UE timer accuracy and timing advance which are reused from legacy LTE. For determining the UE transmit timing accuracy and the adjustment, the UE uses the serving cell as the reference cell. The uplink transmission occurs 
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before the first detected path of the serving cell, where NTA is the received timing advance received from the serving network node, and NTA offset is a fixed offset.
2.1.2 Discussions
RAN1 has agreed to introduce support for sub-PRB allocation for Rel-15 MTC, but the number tones are still under discussions. The number of tones used for uplink transmission may impact the uplink performance. More specifically, the PUSCH reception performance in the eNodeB may depend on the number of tones used. Typically, the PUSCH reception performance degrades with the number of allocated tones because the transmissions are more robust with a lower number of tones as compared to higher number of tones. 

Another factor that may certainly play a role in the PUSCH performance is the number repetitions to be used in the uplink for the sub-PRB transmissions and also the coverage conditions. The coverage conditions comprise both the propagation channel and the coverage mode configured on the device for performing the sub-PRB transmissions, (i.e. whether the uplink transmission takes place in CEModeA/CEModeB).
Moreover, the number of repetitions may also be impacted depending on whether the resource unit (RU) concept from NB-IoT is re-used for performing sub-PRB transmissions over PUSCH. This because the RU has a variable length which depends on the number of allocated subcarriers (e.g., The RU length for a 3 subcarrier allocation is 4ms).

Yet another factor that may affect the PUSCH receptions of sub-PRB transmissions in the eNodeB is the transmit power. As per current requirements, the transmit power used depends on the configured coverage mode. When the UE is transmitting in CEmodeA, the transmit power can vary while the UE is always using the maximum power in CEModeB, see section 5.1.1.1 in [2]. 
	For a BL/CE UE configured with CEModeB, the PUSCH transmit power in subframe ik is determined by 
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By PUSCH reception performance, we refer to the uplink timing requirements that the UE has to meet. 

Except for the uplink timing requirements, all other RRM requirements are not expected to have any impact due to sub-PRB based uplink transmissions. 

· Observation #1: Current uplink timing performance depend on coverage mode, transmission bandwidth, number of repetitions and transmit power. 
· Observation #2: Except for the UE uplink timing requirements, no other RRM impact is foreseen due to sub-PRB based uplink transmissions.  

In our view, RAN4 shall study whether the current requirements can be met when uplink PUSCH transmission are based on sub-PRB allocation. 

· Proposal #1: RAN4 is to study the uplink timing performance based on sub-PRB allocation (e.g. accounting for the number of tones used, number of repetitions, and coverage mode). 
3 Conclusion
In this contribution, we have discussed potential RRM impact due to sub-PRB based uplink transmission that RAN1 has agreed to introduce for cat-M1/M2 UEs. Based on the discussions, we have made following observation and proposal:
· Observation #1: Current uplink timing performance depend on coverage mode, transmission bandwidth, number of repetitions and transmit power. 

· Observation #2: Except for the UE uplink timing requirements, no other RRM impact is foreseen due to sub-PRB based uplink transmissions.  

· Proposal #1: RAN4 is to study the uplink timing performance based on sub-PRB allocation (e.g. accounting for the number of tones used, number of repetitions, and coverage mode). 
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