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Introduction
In RAN4#78bis, UE transmit timing requirements for Cat-M1 UEs were discussed [1] and the requirements were introduced for Cat-M1 UEs configured with CEModeA. In this paper, we configure the discussion of UE transmit timing requirements for Cat-M1 UEs configured with CEModeB.
Discussion

As defined in TS 36.133 [3], a legacy UE should follow the frame timing change of the connected eNode B. The uplink frame transmission takes place 
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 before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. The UE initial transmission timing error shall be less than or equal to (Te where the timing error limit value Te is specified in the following table. 

Table 7.1.2-1 (TS 36.133) Te Timing Error Limit (in TS 36.133)
	Downlink Bandwidth (MHz)
	Te_

	1.4
	24*TS

	≥3
	12*TS

	Note: TS is the basic timing unit defined in TS 36.211


In addition, all adjustments made to the UE uplink timing shall follow additional rules, such as 

1)
The maximum amount of the magnitude of the timing change in one adjustment shall be Tq seconds.

2)
The maximum aggregate adjustment rate shall be Tq per 200ms.

where the maximum autonomous time adjustment step Tq is specified in the following table.

Table 7.1.2-2 (TS 36.133) Tq Maximum Autonomous Time Adjustment Step
	Downlink Bandwidth (MHz)
	Tq_

	1.4
	17.5*TS

	3
	9.5*TS

	5
	5.5*TS

	(10
	3.5*TS

	Note: TS is the basic timing unit defined in TS 36.211


As shown above, the requirements for Te and Tq are defined based on the downlink carrier bandwidth. For a Cat-M1 UE, however, it can only measure the DL reference signals with a narrowband of 6RBs regardless the downlink carrier bandwidth. Therefore, a clarification is needed in the requirement that Cat-M1 UEs will follow the transmit timing requirements currently defined for 1.4MHz bandwidth regardless of the downlink carrier bandwidth.
In RAN4#78bis, it was agreed that

· Cat-M1 UEs configured with CEModeA shall follow the requirement Tq defined for 1.4MHz in Table 7.1.2-2 regardless the downlink carrier bandwidth.

· Cat-M1 UEs configured with CEModeA shall follow the requirement Tq defined for 1.4MHz in Table 7.1.2-2 regardless the downlink carrier bandwidth.

However, the requirements for Cat-M1 UEs configured with CEModeB were not defined. In the following, we will continue the discussion on the requirements for Cat-M1 UEs configured CEModeB.
The concern for UE transmit timing requirements for Cat-M1 UEs configured CEModeB comes from mainly the RF condition for Cat-M1 UEs in CEModeB is in general worse than that for Cat-M1 UEs in CEModeA. While it is true that under different RF conditions, it should be pointed out the current UL Tx timing performance are not defined differently for different RF conditions, since in order for the UE to demodulate DL data properly, the UE should have already acquired accurately the DL timing regardless under which RF conditions. Thus, the main factor that impacts the UL Tx timing errors is the UE sampling rate. For Cat-M1 UEs, the minimum downlink sampling rate is determined by the Cat-M1 DL working bandwidth of 6PRBs. Therefore, for Cat-M1 UEs configured with CEModeB, it should have the same UE transmit timing requirements as Cat-M1 UEs configured with CEModeA.

Summary

In this paper, we further discussed the transmit timing requirements for Cat-M1 UEs for CEModeB. Based on the discussion, it is proposed that
Proposal 1: Cat-M1 UEs configured with CEModeB it should have the same UE transmit timing requirements as Cat-M1 UEs configured with CEModeA.
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