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Introduction
The requirements for UE transmit timing for NB-IoT and category M1 UE are defined in Sections 7.20 and 7.24 of [1], respectively. In both sections, the following common requirement is specified:
“When a repetition period is configured on the uplink for which R>1, the UE shall not adjust the uplink transmission timing autonomously during an ongoing repetition period other than at initial transmission.”
The test that enforces these requirements for NB-IoT UE in enhanced coverage (i.e., R>1) is specified in Section A.7.1.18. Similar test is defined for Cat-M1 UE in CE Mode B in Section A.7.1.15. However, the requirements for these two tests are not defined consistently. 
For A.7.1.15 (Cat M1), the test requirements are:
A.7.1.15.2	Test Requirements
For parameters specified in Tables A.7.1.15.1-1 and A.7.1.15.1-2, the initial transmit timing accuracy, the maximum amount of timing change in one adjustment, the minimum and the maximum adjustment rate shall be within the limits defined in clause 7.24.2. The UE shall not adjust the the transmission timing autonomously during an ongoing repetition period. Adjustments can only be done at the end of a last subframe in a repetition period.
The following sequence of events shall be used to verify that the requirements are met.
For the 10MHz channel bandwidth, the test sequence shall be carried out in RRC_CONNECTED for both non-DRX (for Test1) and DRX with a cycle length of 80 ms or a cycle length of 640 ms (Tests 2 and 3, respectively):
a) 	After a connection is set up with the cell, the test system shall verify that the UE transmit timing offset is within NTA×TS   ± 48×TS with respect to the first detected path (in time) of the corresponding downlink frame of cell 1.
b) 	The test system adjusts the downlink transmit timing for the cell by +64TS (for Test 1 and Test 2) or +32TS (for Test 3) compared to that in (a).
c) 	The test system shall verify that for Test 1 the adjustment step size and the adjustment rate shall be according to the requirements in clause 7.24.2 until the UE transmit timing offset is within NTA×TS  ± 48×TS with respect to the first detected path (in time) of the corresponding downlink frame of cell 1. Skip this step for Test 2 and Test 3.
d) 	The test system shall verify that the UE transmit timing offset stays within NTA×TS  ± 48×TS with respect to the first detected path  (in time) of the corresponding downlink frame of cell 1. For test 2 and test 3 the UE transmit timing offset shall be verified for the first transmission in the DRX cycle immediately after DL timing adjustment.



For A.7.1.18 (Cat NB1), the test requirements are:
A.7.1.18.2	Test Requirements
For parameters specified in Tables A.7.1.18.1-1, Tables A.7.1.18.1-2, Tables A.7.1.18.1-3 and Tables A.7.1.18.1-4, the initial transmit timing accuracy shall be within the limits defined in clause 7.20.2 and the UE shall not adjust the uplink transmission timing autonomously during an ongoing repetition period other than at initial transmission.
The following sequence of events shall be used to verify that the requirements are met.
The test sequence shall be carried out in RRC_CONNECTED for both non-DRX (for Test1) and DRX with a cycle length of 2048 ms (Tests 2):
a) 	After a connection is set up with the cell, the test system sends NPDCCH including uplink grant for NPUSCH transmission and the test system shall measure the UE transmit timing offset (nTs) and verify that it is within Te (nTs ≤NTA×TS   ± 80×TS) with respect to the first detected path (in time) of the corresponding downlink frame of NB-IoT cell 1.
b) 	The test system sends NPDCCH including uplink grant for NPUSCH transmission. After 16ms from the initial NPUSCH transmission, the test system adjusts the downlink transmit timing for the cell, using the value of n measured in a),
- if n < 0, by +(144 – |n|)TS compared to that in (a).
- if n ≥ 0, by -(144 – |n|)TS compared to that in (a).
The timing adjustment is performed monotonically in multiple steps of |∆T| ≤ 9×TS per NPDCCH period (∆T is to be defined in the test procedure) until the above required total timing change is achieved, during which no grant is transmitted for the UE.
c) 	The test system shall verify that for Test 1 the UE shall not adjust the uplink transmission timing autonomously during an ongoing repetition period. Skip this step for Test 2.
d) 	For test 2, the test system sends NPDCCH including uplink grant for NPUSCH transmission and shall verify that the UE transmit timing offset stays within NTA×TS  ± 80×TS with respect to the first detected path  (in time) of the corresponding downlink frame of NB-IoT cell 1. The UE transmit timing offset shall be verified for the first transmission in the DRX cycle immediately after DL timing adjustment.


Step c) in NB-IoT test enforces a much tighter requirement on Cat NB1 UE that has a smaller BW. This step is not present in Cat M1 test. In this paper, we discuss why step c) should be eliminated from the test requirements to make it consistent with Cat M1 test requirements. 
Observation 1. UE transmit timing accuracy test requirements for Cat NB1 UE in A.7.1.18 are not consistent with those of Cat M1 UE in A.7.1.15 and are made tighter.
Moreover, the rate of DL transmit timing adjustment by the test system in tests A.7.1.17 and A.7.1.18 are unreasonably high for a Cat NB1 UE. In test A.7.1.17, the rate of DL timing adjustment is 9Ts per 8ms (NPDCCH period. In test A.7.1.18, the rate of DL timing adjustment is 9Ts per 64ms (NPDCCH period). These rates are unrealistic for NB-IoT devices and typical time-tracking loop (TTL) cannot track this change. We discuss this issue and propose a unified solution for both tests.   
Observation 2. The rate of DL timing adjustment by the test system in A.7.1.17-18 are unreasonably high for a Cat NB1 UE.


Discussion 
On UL transmission timing during an ongoing repetition:
Even though UE is required not to adjust the uplink transmission timing autonomously during an ongoing repetition period, the actual uplink timing can change to the following reasons:
· Timing drift due to residual frequency error
· Timing drift due to frequency drift

Timing drift due to residual frequency error: Per Section 6.5.1F of [2], frequency error for NB-IoT in extended coverage mode should be kept within +/- 0.2 ppm for bands < 1GHz. For UL transmission interval of 256 ms (as in A.7.1.18), this allowed residual frequency error results in 1.5 Ts of timing drift.
Observation 3. Residual frequency error in Cat NB1 can result up to 1.5 Ts of timing drift during an ongoing UL transmission with repetition. 

Timing drift due to frequency shift: With continuous transmission in UL, XO heats up (particularly in cold start). Assuming a temperature drift of A (ppm/C) and temperature gradient of B (C/s), the frequency drift  and the timing drift due to this frequency drift is 

Where T = 0.256s.Values of A and B depend on the XO quality (cost), calibration, and size among other factors [3]. Timing drift due to frequency drift can be as large as  for low-cost XO.
Observation 4. Timing drift due to frequency drift as a result of XO heating up can be as large as 10Ts for low-cost XO.
In addition to the above two reasons, the low BW of Cat NB1 (1 RB) compared to Cat M1 (6 RB) means measurement of transmit timing accuracy in test equipment will be further compromised as cat NB1 UL timing resolution is at least 6 times worse than Cat M1. 
Observation 5. Lower operating BW of Cat NB1 compared to Cat M1 leads to worse UL timing resolution and degraded transmit timing accuracy.
We believe the first two reasons (timing drifts due to residual frequency error and frequency drift) were the main reason that the test requirements in A.7.1.15 are defined as indicated above. In addition to these two reasons, Cat NB1 has an additional reason of operating in lower BW and hence having a worse timing resolution. Hence, we propose that test requirements in A.7.1.18 to be at least consistent with those in A.7.1.15.
Proposal 1. Make test requirements for Cat NB1 UE in A.7.1.18 consistent with test requirements for Cat M1 UE in A.7.1.15 by removing step c) in test requirements.
It is noted that the above proposal does not contradict the requirement of UE not autonomously adjusting the transmit timing. It merely provisions for transmit timing drifts due to reasons above similar to Cat M1 test. 
On rate of DL timing adjustment by test system:
Table 1 summarizes the rate of DL timing adjustment by test system in NB-IoT tests A.7.1.17-18 with equivalent time drift and vehicular speed that translates to the time drifts assuming a 900 MHz carrier frequency. 
Table 1 Current DL timing adjustment rate in NB-IoT tests
	Test
	DL timing adj per NPDDCH period (Ts)
	NPDCCH period (ms)
	Equivalent time drift (ppm)
	Equivalent UE speed (km/h)

	A.7.1.17
	9
	8
	36.62
	39551

	A.7.1.18
	9
	64
	4.58
	4944



The rates of adjustment in Table 1 are unrealistic for Cat NB1 UE. We believe typical implementations address much lower rates of adjustment and RAN4 tests should be modified to be more realistic of typical use cases. 
In Table 2, we propose the modified rates of DL timing adjustment by test system. Instead of changing 9Ts per NPDCCH period, the proposed rates are 9Ts per 256ms (equivalent to max UL transmission time without a gap). 
Table 2 Proposed DL timing adjustment rate in NB-IoT tests
	Test
	DL timing adj per NPDDCH period (Ts)
	NPDCCH period (ms)
	Equivalent time drift (ppm)
	Equivalent UE speed (km/h)

	A.7.1.17
	9
	256
	1.14
	1236

	A.7.1.18
	9
	256
	1.14
	1236



Proposal 2. Modify the DL timing adjustment by test system from current values in Table 1 to modified values in Table 2.
Accompanying CRs with proposed change are also submitted [4][5].
Conclusions
Observation 1. UE transmit timing accuracy test requirements for Cat NB1 UE in A.7.1.18 are not consistent with those of Cat M1 UE in A.7.1.15 and are made tighter.
Observation 2. The rate of DL timing adjustment by the test system in A.7.1.17-18 are unreasonably high for a Cat NB1 UE (Table 1).
Observation 3. Residual frequency error in Cat NB1 can result up to 1.5 Ts of timing drift during an ongoing UL transmission with repetition. 
Observation 4. Timing drift due to frequency drift as a result of XO heating up can be as large as 10Ts for low-cost XO.
Observation 5. Lower operating BW of Cat NB1 compared to Cat M1 leads to worse UL timing resolution and degraded transmit timing accuracy.
Proposal 1. Make test requirements for Cat NB1 UE in A.7.1.18 consistent with test requirements for Cat M1 UE in A.7.1.15 by removing step c) in test requirements.
Proposal 2. Modify the DL timing adjustment by test system from current values in Table 1 to modified values in Table 2.
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