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1 Introduction
In last RAN 4 meeting Comp core requirement was finalized with the following conclusions:

No BS core impact because of CoMP 

· No relative timing requirements

· No relative frequency error requirements


Nevertheless these two aspects need to be accounted for in simulation assumptions when defining demodulation performance in order to make sure that performance requirements mimic a realistic set up and to make sure that the UE follows the correct behaviour.
In last RAN 4 meeting simulation results based on timing error were already provided by several companies. The timing error is compensated either via DM-RS or CSI-RS. 
By comparing the results of different companies some conclusions were reached and captured in a way forward [1].

· Average received timing options for further evaluations are as follows
· [-0.5,3] (proposed by NSN. In case of CRS colocation with DM-RSs the range used for simulations can be extended)

· [-0.5, 2.4] (proposed by Ericsson/ST-E)

· [-0.5, 2] (Proposed by Samsung, Renesas, Intel, Broadcom)

· [-1, 1.5] (proposed by Qualcomm, Intel, Broadcom)

· Test points will be selected within these ranges in the next meeting

· Discuss further how to capture the link between coverage and average received time.

· Interested companies can study 6PRB BW and other corner cases

In previous meeting we provided simulation results for timing error compensation based on DM-RSs which showed that the scenario above proposed could be supported (range [-0.5, 2.4]). In the following section we provide our simulation results for CSI-RS based timing error compensation and we draw some conclusions. 
2 CSI-RS Timing error results

Figures 1-6 show the performance obtained for CSI-RS based timing error estimation with 10MHz, full PDSCH allocation (50PRBs and partial allocation 3PRB), for QPSK, 16QAM and 64QAM, EPA, EVA and ETU. Note that even if the 10MHz bandwidth is considered, a timing estimate is generated every 6PRB (or less in special cases when indicated). Samples are averaged depending on the bandwidth.
Figures 7 and 8 show the performance for the same modulation and channel profiles, and timing offset as before but for non typical deployment, such as very small system bandwidth 1.4MHz and full PRBs allocation (6PRBs), with timing error samples obtained by considering 6PRBs or 3 PRB respectively. 

Figures 9-10 show the performance for EPA5 and EVA5, 10MHz with and without compensation. The thick curve represents the case when no compensation is done (the legend represents the correspondence between the line marker and the timing error).
Figure 11 shows the performance for EVA5, 1.44MHz (6PRBs /sample) with and without compensation. The thick curve represents the case when no compensation is done (the legend represents the correspondence between the line marker and the timing error).

Note that these results are obtained without any modification of the FFT window position, i.e. the same legacy algorithm is used.
The following observations can be done:
1. In General 

a. CSI-RS based timing estimates can be used as reference algorithm for the alignment of the results.

b. Sensitivity to negative and positive timing offset is not the same as shown by the asymmetric degradation; as expected a more stable performance is achieved for positive delays. 
2. EPA 

a. For positive timing offset the degradation is acceptable up to the simulated value 2.5musec. The degradation is very similar for 3PRB or 50PRBs.
b. For negative timing, for low PRB allocation, the degradation is negligible up to -1musec. For high PRB allocation the figures show that the performance are more degraded starting from -1musec compared to the degradation obtained when 3PRBs are allocated. This can be explained by the fact that large allocations have more code blocks, and the BLER of the transport block is obtained by the BLER of each code-block as BLERTB=1-(1-BLERCB)N, where N is the number of code-blocks.
c. When considering the degradation obtained in case no compensation is done, 2.5musec or 2musec are good candidates for the definition of demodulation requirements as there is sufficient difference between correct behaviour B and a wrong behaviour A.
d.  It is concluded that the possible range for timing offset for EPA for all SNR is [-0.5,2.5](s.
e. It is concluded that 2.5musec or 2musec are good candidates for the definition of demodulation requirements.
3. EVA 

a. For positive timing offset the same observations as for EPA are applicable for EVA as well. The results show that an acceptable degradation in performance is observed when increasing the timing offset from up to the simulated value 2.5mus for small PRB allocation, while the degradation is small only for timing error <=2mus for full PRB (50PRBs). For SNR levels <17-15dB 2.5musec can be safely tolerated. 
b. EVA is more sensitive to negative offsets. For small PRB allocation the degradation is small up to -1musec. For high PRB allocation the figures show that the performance are degraded for offsets greater or equal to -1musec for high SNR>=20dB. The results show small loss for timing offsets up to -1musec for SNR<=20dB or even higher for lower SNR. 
c. From the analysis of the curve which shows the degradation in case of no compensation it can be concluded that 2.5musec would be a good candidates for the definition of demodulation requirements as there is sufficient difference between correct behaviour B and a wrong behaviour A. 2 or 1.5musec could as well be considered but only for SNR high test points (>22dB) which may be problematic for the RF point of view. Hence it is recommended to consider test points in the order of 20dB.
d. It is concluded that the possible range for timing offset for EVA for all SNR is [-1,2](s for SNR ranges up to 20dB. However, 2.5musec is still considered as good candidates for the definition of demodulation requirements; this is the only point which allows sufficiently good discrimination between behaviour A and B.
4. ETU 
a. The performance are considered as acceptable in the range [-1, 2]mus for small PRB allocations. For large PRB allocations the degradation is slightly increased for high SNR (>20dB). It should be noted that the absolute throughout value achieved in case of ETU is considerably smaller than e.g. in case of EPA because of the particularity of the ETU channels which a large rms delay spread of 1 musec and a maximum excess tap delay which is at the border of the CP which hits in particular high order modulations such as 64QAM. Note that even in case of 0musec timing error there is a degradation of the performance compared to the case of correct behaviour A which is due to a residual timing estimation error. 
b. It was already shown in previous contribution that when comparing the degradation of the performance when the UE is wrongly assuming behavior A with the case when behavior B is signaled, it is clear that ETU is the less sensitive and it can be difficult to discriminate between a UE estimating the timing independently from CRSs (CSI-RS or DM-RSs) and a UE who instead estimates the timing based on CRS even if behavior B is signaled. For this reason it is proposed to consider EVA or EPA to set the requirements.
5. When small system bandwidth is considered (such as 1.44MHz) the performance are degraded compared to the case of 10MHz. This is due to fact that there is no  (in case when 6PRB/sample are used) or very little (in case of 3PRB/samples used) frequency domain averaging across different estimates of the timing error. It can be seen that when 3PRB/samples are used the performance are slightly improved for timing in the range [-1,2]. The performance can be considered still as acceptable in the following range [-1, 2]musec for EVA for SNR up to 20dB. However the performance loss when no compensation is done compared to the case when the time offset is compensated is too small. Hence 1.44MHz is not suitable condition for the definition of the performance requirements.
6. Note that these simulations are conducted without any methods to cope with negative timing offset. If supporting some negative timing offset is needed some methods based on shifting the FFT timing can be considered. This however may require additional UE complexity, while not being necessary from the network point of view (the network can take care of applying a certain delay to LPN in order to make sure that only a small negative range is guaranteed).
By considering the points discussed above the following is proposed in summary:
1. CSI-RS based timing estimates can be used as reference algorithm for the alignment of the results.

2. Do not define requirements based on ETU.

3. Consider to define a test to verify the correct time error compensation by considering 

a. Preferably EPA channel model channel model with 10MHz system bandwidth with 2.5musec or 2musec timing error. 

b. If EVA is preferred the timing error should be 2.5musec.
4. It can be concluded that acceptable ranges is [-0.5, 2.5]. Alternatively [-0.5, 2]musec can be also considered.
5. Specification should capture the range for which similar performance can be achieved as mentioned above.
6. Specification could capture the fact that when small system bandwidth is deployed some performance degradations are to be expected.
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Figure 1. PDSCH performance, EPA5, 3PRB
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Figure 2. PDSCH performance, EPA5, 50PRB

[image: image3.png]Throughput (bps)

18

16

14

12

08

08

04

02

x10° PDSCH performance (CSLRS based timing error estimation, EVA 5Hz, PDSCH 3RB)

—&—time err =-1us, QPSK 1/3
——time err =-0 5us, QPSK 1/3
—&—time err = Ous, QPSK 1/3
——+—time err = 0.5us, QPSK 1/3
—&—time err = us, QPSK 1/3
——+—time err = 1 5us, QPSK 1/3
——time err = 2us, QPSK 1/3
———time err = 2 5us, QPSK 1/3
—&—time err =-1us, 16QAM 1/2
—=—time err =-0 5us, 16QAM 1/2
% time err = Ous, 16QAM 1/2
—F—time err = 0.5us, 16QAM 1/2
% time err = Tus, 16QAM 1/2
time err = 1.5us, 16QAM 1/2
time err = 2us, 16QAM 1/2
time err = 2.5us, 16QAM 1/2
time err = -1us, 64QAM 3/4
time err =-0 5us, 64QAM 3/4
time err = Ous, 64QAM 3/4
time err = 0.5us, 64QAM 3/4
time err = us, B4QAM 3/4
time err = 1.5us, 64QAM 3/4
time err = 2us, 64QAM 3/4
time err = 2 5us, 64QAM 3/4

SNR (dB)

15

20

25

30





Figure 3. PDSCH performance, EVA5, 3PRB
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Figure 4. PDSCH performance, EVA5, 50PRB
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Figure 5. PDSCH performance, ETU5, 3PRB

[image: image6.png]Throughput (bps)

x10'

25

PDSCH performance (CSI-RS based timing error estimation, ETU 5Hz, PDSCH 50RB)

15

—&—time err =-1us, QPSK 1/3
——time err =-0 5us, QPSK 1/3
—&—time err = Ous, QPSK 1/3
——+——time err = 0 5us, QPSK 1/3
—&—time err = us, QPSK 1/3
——+——time err = 1 5us, QPSK 1/3
—s—time err = 2us, QPSK 1/3
————time err = 2 5us, QPSK 1/3
—&—time err =-1us, 16QAM 1/2
——time err =-0 5us, 16QAM 1/2
——#—time err = Ous, 16QAM 1/2
—F—time err = 0.5us, 16QAM 1/2
% time err = Tus, 16QAM 1/2
time err = 1.5us, 16QAM 1/2
time err = 2us, 16QAM 1/2
time err = 2.5us, 16QAM 1/2
time err = -1us, 64QAM 3/4
time err =-0 5us, 64QAM 3/4
time err = Ous, 64QAM 3/4
time err = 0.5us, 64QAM 3/4
time err = us, B4QAM 3/4
time err = 1.5us, 64QAM 3/4
time err = 2us, 64QAM 3/4
time err = 2 5us, 64QAM 3/4

05+

20

25

30

35




Figure 6. PDSCH performance, ETU5, 50PRB
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Figure 7. EVA 5, PDSCH 6PRB, 1.44MHz, 6PRB used for timing estimation samples
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Figure 8. EVA 5, PDSCH 6PRB, 1.44MHz, 3PRB used for timing estimation samples.
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Figure 9. EPA5, 10MHz, 50PRB PDSCH allocation, comparison with no compensation.
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Figure 10. EVA5, 10MHz, 50PRB PDSCH allocation, comparison with no compensation.
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Figure 11. EVA5, 1.44MHz, 6PRB, with and without compensation 
3 Conclusions

In this document the results for timing error estimation based on CSI-RS are provided. By considering the results in this document and the results provided in [2] and references therein the following can be concluded:

1. The reference architecture for alignment of the results can be based on CSI-RS.

2. Do not define requirements based on ETU.

3. Consider to define a test to verify the correct time error compensation by considering 

a. Preferably EPA channel model channel model with 10MHz system bandwidth with 2.5musec or 2musec timing error. 

b. If EVA is preferred the timing error should be 2.5musec.

4. It can be concluded that acceptable ranges is [-0.5, 2.5]. Alternatively [-0.5, 2]musec can be also considered.
5. Specification should capture the range for which similar performance can be achieved as mentioned above!;
6. Specification could capture the fact that when small system bandwidth is deployed some performance degradations are to be expected.
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