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1.
Introduction

The RRM test case for NB-IoT UE Transmit Timing Accuracy does not specify all the key parameters, and could leads to different test implementations by RAN5. Some of these RAN5 implementations, such as the current one using an NPDCCH period of 32ms, can allow a bad UE to pass the test. R4-1712670 [5] was proposed at RAN4#85, but not agreed as we believe it does not provide a full solution.
This Tdoc investigates the reasons for a possible incorrect verdict, and makes recommendations for simple changes to the test case to resolve the issues. Accompanying CRs are provided. 

2.
Existing Test case A.7.1.17 in TS 36.133 Annex A
2.1 Basic principle of the test
The basic principle of the test is copied from Rel-8, which is to make a change in the downlink timing, causing the UE uplink timing to be outside limit, and then measure how the UE uplink timing converges back to within its limit Te. The test requirements for the NB-IoT case are defined in TS 36.133 [1]:
A.7.1.17.2
Test Requirements

For parameters specified in Tables A.7.1.17.1-1, A.7.1.17.1-2, and A.7.1.17.1-3, 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 7.20.2.
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:

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 (n(Ts) and verify that it is within Te (n(Ts ≤ NTA×TS   ± 80×TS) with respect to the first detected path (in time) of the corresponding downlink frame of NB-IoT cell 1.
b) 
Using the value of n measured in a), the test system adjusts the downlink transmit timing for the cell:
- 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) 
Immediately after (b), the test system sends NPDCCH including uplink grant for NPUSCH transmission and immediately after receiving NPUSCH the test system repeatedly sends NPDCCH including uplink grant for NPUSCH transmission until the UE transmit timing offset is within NTA×TS  ± 80×TS with respect to the first detected path (in time) of the corresponding downlink frame of cell 1. The test system shall verify that the adjustment step size and the adjustment rate shall be according to the requirements in clause 7.20.2 until the UE transmit timing offset is within NTA×TS  ± 80×TS with respect to the first detected path (in time) of the corresponding downlink frame of cell 1. 

d) 
The test system 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 green highlight text shows that the aim of the test is to measure and verify the adjustment step size and the adjustment rate (other parts of the test measure and verify the initial / final UE transmit timing offset Te).
2.2 Effect of the downlink transmit timing adjustment method 
In Rel-8, the downlink transmit timing makes a single-jump step change. The concept of adjusting the downlink transmit timing in multiple small steps was introduced by R4-1709031 [4] agreed at RAN4#84.
For step b) of the Test sequence, the test system adjusts the downlink transmit timing by an amount that depends on the UE Tx timing offset in step a). The timing adjustment is performed in multiple steps, each of which should not exceed 9×TS per NPDCCH period. Currently the NPDCCH period is not defined in TS 36.133 [1], but is set by parameters for this test case in the RAN5 Test specification TS 36.521-3 [2]:

7.1.17.4.3
Message contents

Message contents are according to TS 36.508 [7] clause 8.1.6 and clause 8.1.4.3 using condition "Inband_Different" with the following exceptions:
Table 7.1.17.4.3-1: NPDCCH-ConfigDedicated-NB: Additional HD-FDD Category NB1 UE Transmit Timing Accuracy test requirement under Normal Coverage
	Derivation Path: 36.331 clause 6.7.3

	Information Element
	Value/remark
	Comment
	Condition

	NPDCCH-ConfigDedicated-NB-DEFAULT ::= SEQUENCE {
	
	
	

	  npdcch-NumRepetitions-r13
	r1
	Set NPDCCH  repetition to 1
	

	  npdcch-StartSF-USS-r13
	v32
	
	

	  npdcch-Offset-USS-r13
	zero
	
	

	}
	
	
	


The NPDCCH period is defined in TS 36.211 [3] as T=Rmax*G. For the two parameters specified above as Rmax=1 and G=32, this gives an NPDCCH period of 32ms.
Given that downlink timing adjustment is performed in multiple steps, each ≤ 9×TS per NPDCCH period, the duration of the adjustment depends on the size of the overall adjustment. The are 3 scenarios of interest: 
a) UE Tx timing offset in step a) =-80Ts, test system adjusts downlink timing by +(144 – |-80|) = +64TS. This will be done over (ceiling (64/9)) = 8 x NPDCCH periods of 32ms, a duration of 8x32 =256ms.  
b) UE Tx timing offset in step a) =0Ts, test system adjusts downlink timing by -(144 – |0|) = -144TS. This will be done over (ceiling (144/9)) = 16 x NPDCCH periods of 32ms, a duration of 16x32 =512ms.
c) UE Tx timing offset in step a) =+80Ts, test system adjusts downlink timing by -(144 – |+80|) = -64TS. This will be done over (ceiling (64/9)) = 8 x NPDCCH periods of 32ms, a duration of 8x32 =256ms.
The reason for calculating the overall duration of the downlink timing adjustment is that it can affect when the test system can start measuring the UE uplink timing. The worst-case scenario for test case design is b), where the downlink timing has to adjust by the largest amount, and therefore takes the longest.

2.3 Allowable UE behaviour 
In our understanding it is up to the UE implementation whether it adjusts Tx timing during Step b without waiting for an UL grant, or whether it only adjusts Tx timing after receiving the UL grant in Step c. Different UE behaviours are shown in Figure 2:
· Red lines in Figure 2 show a UE that adjusts Tx timing during step b without waiting for an UL grant  
· Green lines in Figure 2 show a UE that adjusts Tx timing after receiving the UL grant in test step c.
2.4 Test case design
The test case should give a correct and relevant verdict, by testing the core requirements against limits, regardless of the UE implementation. As outlined in 2.1, the basic principle of the test is copied from Rel-8: Make a change in the downlink timing, causing the UE uplink timing to be outside limit, and then measure how the UE uplink timing converges back to within its target Te.
[image: image1.png]ens

=

o 4

Ideal Te Target: 0Ts

S
T e PR
| change ofoTs ]
5 per PDCCH !
i period !
; i
L i
i :
5 A i
s § #pointC |
5 g !
i / !
; / ;
i i
1, o ] 4 N
: “dust good enough' rajectory Te Target. wihin +/-80Ts.
T + >
Point 7
o, i
| Max UL tiing !
change in 1 .
adjustment |
s, |
' i aggrogae e, TS per 15
Point] -

Sepo, s | '
g e

T |

-1som,

el
e
g

[ —

P—

Statng Te Zoyolcpreoc 14475

S
g
T . - . : |
Oms 200ms

500ms.

800ms “oomme




Figure 1: Measurements of the UE Tx timing, depending on NPDCCH period 

To understand the limitations of the current test case design, we need to consider when and how the uplink timing measurements are taken and processed. The lower part of Figure 1 shows uplink measurement for the current test case using 32ms NPDCCH period. We note that:

· “Point O” is where the UE uplink timing error would be, if the downlink timing changed instantly
· No uplink measurements are made during test step b) – the uplink is silent
· The downlink timing change is shown by the solid purple stepped line

· A UE that adjusts uplink timing during Step b without waiting for an UL grant can start to correct the uplink timing during test step b). The red line shows the fastest rate, and the blue line the slowest.
· The test system starts making uplink timing measurements in step c), every NPDCCH period
· A 200ms sliding window is used to evaluate the maximum adjustment rate. A 1s sliding window (not shown) is used to evaluate the minimum adjustment rate, to align with the core requirement.   
The downlink timing has changed by the maximum of 144Ts in step b), which could cause a maximum uplink timing error of 144Ts if the UE took no action to correct it. The UE is required to bring uplink timing error back to within +/-80Ts, at rates set by the core requirements in TS 36.133 [1]. The uplink timing is only observable when the UE is transmitting (has been given an uplink grant), which only happens during test step c).
It can be seen that a UE that adjusts uplink timing during test step b) without waiting for an UL grant can in theory arrive at Point B well before the uplink measurements start in test step c). It would not then need to make any further adjustments to uplink timing. Indeed, it could arrive at Point D before the uplink measurements start in test step c). The consequence of this is that the test system doesn’t make any measurements during the time when the UE attempts to converge the uplink timing.

This would be acceptable if the NPDCCH period was fixed at 32ms. However, the NPDCCH period is allowed a range of values according to clause 6.7.3.2 in TS 36.331 [6]:

–
NPDCCH-ConfigDedicated-NB
The IE NPDCCH-ConfigDedicated-NB specifies the subframes and resource blocks for NPDCCH monitoring.

NPDCCH-ConfigDedicated-NB information element
-- ASN1START

NPDCCH-ConfigDedicated-NB-r13 ::=
SEQUENCE {


npdcch-NumRepetitions-r13


ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128, 














r256, r512, r1024, r2048, 














spare4, spare3, spare2, spare1},


npdcch-StartSF-USS-r13



ENUMERATED {v1dot5, v2, v4, v8, v16, v32, v48, v64},

npdcch-Offset-USS-r13



ENUMERATED {zero, oneEighth, oneFourth, threeEighth}

}

-- ASN1STOP

	NPDCCH-ConfigDedicated-NB field descriptions

	npdcch-NumRepetitions

Maximum number of repetitions for NPDCCH UE specific search space (USS), see TS 36.213 [23, 16.6]. UE monitors one set of values (consisting of aggregation level, number of repetitions and number of blind decodes) according to the configured maximum number of repetitions.

	npdcch-Offset-USS
Fractional period offset of starting subframe for NPDCCH UE specific search space (USS), see TS 36.213 [23, 16.6].

	npdcch-StartSF-USS
Starting subframe configuration for an NPDCCH UE-specific search space, see TS 36.213 [23, 16.6]. Value v1dot5 corresponds to 1.5, value 2 corresponds to 2 and so on.


The NPDCCH period can be set to values much lower than 32ms. With 1 repetition as specified here, a value down to 4ms could be used (there is a restriction in TS 36.213 [7] clause 16.6 specifying T= Rmax *G,  T ≥ 4, where Rmax is the higher layer configured parameter npdcch-NumRepetitions-RA and G is given by the higher layer parameter npdcch-StartSF-CSS-RA).
If the UE were to be used in a scenario where the NPDCCH period was for example 8ms, new and untested aspects of the UE behaviour could be revealed. Consider test case A.7.1.17 configured with NPDCCH period 8ms, and downlink timing change as shown by the dashed purple stepped line in Figure 1. The downlink timing is now changed more quickly than when 32ms NPDCCH period was used.
It can be seen that a conformant UE that adjusts uplink timing during test step b) without waiting for an UL grant could at best arrive at Point A when the uplink measurements start in test step c). It will therefore need to make further adjustments to uplink timing during test step c). This means that the test system can always make measurements during the time when the UE attempts to converge the uplink timing, and is able to evaluate the UE’s performance against core requirements.

· Observation 1: Configuring Test case A.7.17.1 with NPDCCH period = 32ms can miss testing key UE adjustment rate core requirements, and could pass a bad UE
· Observation 2: Configuring Test case A.7.17.1 with NPDCCH period = 4ms or 8ms allows testing of UE adjustment rate core requirements

· Observation 3: introducing adjustment of the downlink transmit timing in multiple small steps makes the selection of NPDCCH period critical

As stated in Observation 3, introducing adjustment of the downlink transmit timing in multiple small steps makes the selection of NPDCCH period critical. As these multiple small steps are specified in the TS 36.133 Annex A test case, Anritsu believes that NPDCCH period should also be specified in the TS 36.133 Annex A test case. A Rel-13 CR is provided in [8], with Category A CRs for later releases.
3.
Proposed Test case design
3.1 Operation with different UE implementations 
As noted earlier, in our understanding it is up to the UE implementation whether it adjusts Tx timing during original test step b) without waiting for an UL grant, or whether it only adjusts Tx timing after receiving the UL grant. Figure 2 shows how different UEs behave in the proposed test case, with NPDCCH period 8ms.
[image: image2.png]|deal Te Target: 0Ts.
i DLtiming
i, rngecters
;
st | L
L
;
s |
5
L
;
| i P s ood enou vafctory Te Targe. withn +-80Ts
e e >
i /Point C
LEE
55
e
<to0m, o &
Poin{ A
7
e G
A .
g’g A fogats rate, T pr 15
/ h
Pointfog’____L N
Stating Te < cylc prefc 14475
-1s0m,
New step, 55 F 16 sing i {>
e e, comine
s T I—
s Mg
ween { [Sr
s |
s
Mo spe, e ; : , .
e oms 200ms a00ms s00ms s00ms
e

T
1000ms 1200ms




Figure 2: Measurements of the UE Tx timing, depending on UE implementation 
The proposed use of 8ms NPDCCH period allows any UE implementation to be tested correctly, as follows:
3.2 UE adjusts Tx timing after receiving the UL grant
Consider first a UE that adjusts Tx timing after receiving the UL grant in new test step e), as shown by the green lines in Figure 2. As before, we take a case when the starting Te measured in test step a) was 0Ts.
When the test system moves on to measurement in step e) shortly afterwards, the UE has not yet started to adjust Tx timing, so measurements can be made:
· The max timing change in 1 adjustment can be measured using the 200ms sliding window
· The max aggregate rate per 200ms can be measured using the 200ms sliding window
· The min aggregate rate per 1s can be measured using the 1s sliding window
· The first timing sample from step e) will be the same as the timing from step c) 
3.3 UE adjusts Tx timing during test step b without waiting for an UL grant
Consider next a UE that adjusts Tx timing during new test step d) without waiting for an UL grant in new test step e), as shown by the red lines in Figure 2. We take a case when the starting Te measured in test step a) was 0Ts, so the downlink timing has to change by the maximum 144Ts in step d).

The red trajectory from Point O to Point B shows a legitimate UE implementation, where the UE changes uplink timing at the maximum allowed rate. From Point B onwards, the conformant UE can take a range of trajectories, anywhere between “Go for the best” and “Just good enough” as shown in Figure 2.
When the test system moves on to measurement in test step e), the UE will not have reached its Te target, so it will need to make further timing changes.
· The max timing change in 1 adjustment can be measured using the 200ms sliding window
· The max aggregate rate per 200ms can be measured using the 200ms sliding window
· The min aggregate rate per 1s can be measured using the 1s sliding window
· The first timing sample from step e) can be compared to the timing from step c), and evaluated against the ≤ 58.33Ts criterion. Although the time interval will have been less than 200ms, a UE that changes more than 58.33Ts is clearly outside the core requirement.
For both UE implementations, it is recognised that to collect enough uplink timing samples, the test system may have to continue collecting uplink timing samples after the Point B. This will be the case especially if the UE required the full 144Ts downlink timing shift, and then changes its uplink timing quite fast. However, the use of a sliding window ensures correct evaluation against the core requirements.
4.
Way Forward
Anritsu has submitted a CR [8] for TS 36.133 which use an NPDCCH period of 8ms in Test case A.7.1.17 and updates the steps in the test procedure. 
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