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1 Introduction
In RAN1#67, the following agreement was made:

· Conclusion:
· In the design of the new carrier type, support shall be provided for operation in both of the following scenarios (not necessarily equally optimized for both cases – take into account the gain that can be achieved):

· Synchronized carriers, i.e. where the legacy and additional carriers are synchronized in time and frequency to the extent that no separate synchronization processing is needed in the receiver.

· Unsynchronized carriers (i.e. where the legacy and additional carriers are not synchronized with the same degree of accuracy as for the synchronized carriers).

· Note that synchronization is considered from the perspective of the UE receiver. 
Acquisition/synchronization/tracking and reference signals were further discussed in the RAN1#68. The following working assumption was agreed for non-synchronized new carriers:

· For non-synchronized new carriers:

· Working assumption: Rel-8 PSS/SSS sequences are transmitted

· Time-frequency location of PSS/SSS is FFS; baseline is as per Rel-8. For proposals for other time-frequency locations, benefits relative to baseline should be shown

· Study further whether there is a benefit in preventing a Rel-8 UE acquiring the PSS/SSS of a carrier of the new type, and if so, how this might be done

Both CRS and CSI-RS based solutions have been discussed for synchronization/tracking purpose. It was agreed to have an email discussion [68-06] for non-synchronized new carriers until Friday 17th February on the requirements for RS on the NCT, and on scope and assumptions for evaluations.
2 Evaluations
2.1 Options

The following two options are being considered:

1. CRS-based solution

2. CSI-RS based solution

For both options, CRS or CSI-RS can be transmitted with a reduced bandwidth and/or a different periodicity from what is defined in Rel-/9/10. Detailed evaluation assumptions are provided in Section 2.3. The purpose of the evaluation is to study the performance of different options and have an initial view on what options with what type of configurations can provide sufficient time/frequency synchronization performance.
2.2 Requirements on RS

Requirements on the time/frequency synchronization performance are needed in order to determine whether a given option provides sufficiently good performance or not. One possibility is to use the performance from Rel-8/9/10 as the reference. Given that the UE in Rel-8/9/10 needs to support a 1.4 MHz channel bandwidth with one CRS antenna port for FDD with 6 MBSFN subframes configured and TDD configuration 0, these cases can be used as the reference performance. Since RAN4 requirements are defined for TDD configuration 1, the evaluations for TDD configuration 1 may also be provided.

A comment was raised during RAN1#68 on whether it is reasonable to require the new mechanism to reach the same level of performance as Rel-8/9/10 mechanism, and whether some performance relaxation can be allowed. In this case, the performance requirements would need to be defined in order to guide the RS design. However, defining new requirements would mostly fall into RAN4 scope.

Therefore, it is agreed to use the following as the reference performance for time/frequency synchronization:

· FDD: the achievable performance for FDD with 1.4 MHz channel bandwidth and 6 MBSFN subframes configured, and with CRS transmitted on one antenna port.
· TDD: the achievable performance for TDD configuration 0 with 1.4 MHz channel bandwidth and with CRS transmitted on one antenna port.

· The evaluations for TDD configuration 1 may also be provided.

RAN1 may seek guidance from RAN4 at a later stage when it is considered necessary.

The detailed comments from the companies on the performance requirements on RS are as follows.

Discussion/Company comments:
[Ericsson, ST-Ericsson] The new carrier type supports both TDD and FDD. The design should support common performance and evolution paths for TDD and FDD. The minimal TDD configuration is UL-DL configuration 0 in 1.4 MHz (6 RBs) Therefore, the performance of the new schemes should be compared with this minimal baseline configuration already supported in Rel-10.
Unless we can be sure that TDD configuration 0 does not work, it seems reasonable that companies should evaluate the lowest overhead option that is already in the spec. Other options are of course not precluded for evaluation. 
[Huawei, HiSilicon] As we discussed in R1-120019, time- and frequency tracking performance affects several types of existing requirements set by RAN4. It may not be in RAN1’s scope to discuss requirements or take into consideration the additional receiver/simulation models that RAN4 finds suitable. Hence, we believe the main purpose of these evaluations will be to give an indication of whether proposals that have benefits from a RAN1 point of view are feasible. We expect that RAN1 would communicate such findings to RAN4, which should then be able to fully judge the impact of the proposals to the requirements. Our understanding is also that these evaluations only pertain to the unsynchronized carrier case.
[ZTE] The performance relaxation proposed here may need some guidance at least for selecting the candidates. One way of do this that we can compare the performance impairment from synchronization error. I guess the fare acceptable impairment could be the magnitude as the overhead saving of CRS. E.g.80% CRS saving close to 0.2 dB loss. Doing this does not means we replace the work of other group, but do give us some starting point. And, this could be a quite controllable loss.
We are also fine to use TDD configuration 0 as reference and configuration 1 as a plus. We can see if it make much different to each others in futher evaluations. Keeping in mind that we are discussing "new carrier type", comparing it with the proposed baseline case for FDD/TDD could be queit modest way. And, those new carrier should always be operated with compatible carrier, which will alleviate the pontential issue been mentioned.
[LGE] It seems reasonable to see 5ms CRS period as in TDD configuration 0 as performance reference in RAN1 perspective since synchronization should be maintained in that case anyhow. Further requirements may be asked to RAN4 if necessary during further discussion.
[NSN] We share Huawei’s view that the mandatory set of values for CRS periodicity should be kept as suggested in the first version by Sigen. The key point in the study is to verify how NCT impacts the achievable time and frequency synchronization accuracy compared to existing solutions (both FDD and TDD), and therefore also 1 ms periodicity should be evaluated for FDD.
[Qualcomm] In the simulations from which TDD performance requirements were derived, configuration 1 was assumed. The following assumptions have been used: 

· For TDD demod, UL/DL configuration 1 and special subframe configuration 4 ( 12 CRS symbols in a 5ms period
· For TDD RRM, UL/DL configuration 1 and special subframe configuration 6 ( 11 CRS symbols in a 5ms period
Therefore, we believe the correct TDD reference should be UL/DL configuration 1 with special subframe configuration 6. 
The approach of using TDD configuration 0 as a baseline is not agreeable to us because it doesn't appear to be consistent with the goals of the document. The point of using a reference performance is to refer to something that has been evaluated.  Configuration 0 was not evaluated by RAN4. This is not to say that configuration 0 doesn't work (as a matter of fact, in our own simulations, the performance difference between configuration 0 and configuration 1 seemed moderate).  Nevertheless, evaluating configuration 0 should fall in the area of studying acceptable relaxation, which was agreed to be an available option. Therefore it would seem to make more sense to choose as baseline what has been used in RAN4, which is configuration 1. 
We haven't discussed what UL/DL configurations would be available in NCT. Of course, if configuration 0 with 1.4MHz BW is used in TDD NCT, then the configuration 0 CRS density should be used for that case, irrespective of any degree of performance relaxation needed. But on the other hand for other NCT configurations with more DL subframes, we see no reason to deviate from the RAN4 assumptions without any evaluation. 
In our view, Configuration 0 is somewhat of a corner case, it is to be used when there is little or no DL traffic. So if there is a DL demod performance degradation due to poor timing or frequency estimate, for example, probably it is still acceptable in Configuration 0 given that there is less emphasis on DL. But it is strange that we would want to automatically extend this to other configurations without quantifying the impact. Again, we are not saying that Configuration 0 doesn't work, just that it might not work well enough to support high data rate with tight frequency tracking requirement or optimum RRM performance. 

So in our view, it would still make more sense to use Configuration 0 as baseline for NCT Configuration 0 and use Configuration 1 for other NCT configurations.  This would also reduce the need for split FDD and TDD evaluations. 

If no other company supports the above proposal though, we are willing to agree to the solution suggested by Matthew below. 

[Samsung] Regarding the TDD reference case, although we somewhat sympathize with QC’s view, considering that the worst case of 6 MBSFN subframes are assumed as the FDD reference, it seems more reasonable to assume the worst-case TDD configuration (Conf. #0) as the TDD reference case and to evaluate whether the considered designs work in the worst case scenario. We think this is more important aspect of the evaluations in this stage.

2.3 Evaluation assumptions

The agreed evaluation assumptions are summarized in Table 1.
Table 1 Evaluation assumptions for the RS for the new carrier type

	Parameter
	Value

	Channel bandwidth
	10 MHz mandatory, other Rel-8/9/10 values optional

	Carrier frequency
	2 GHz

	Channel profile
	EVA 100 km/h mandatory, EPA 3km/h optinal

	Initial frequency uncertainty
	Uniformly distributed in [- 500, +500] Hz

	Initial time uncertainty window
	Uniformly distributed in [-1.175, 1.175] μs


	Time/frequency estimation algorithm
	To be specified by the company

	Total number of subframes measured (including the subframes where no CRS/CSI-RS is transmitted)
	To be specified by the company

	Periodicity for CRS (if used)
	1 and 5 ms mandatory, other values as needed (to be specified by the company)

	Periodicity for CSI-RS (if used)
	5 ms mandatory, other values as needed (to be specified by the company)

	Reduced bandwidth for CRS or CSI-RS
	6 PRBs mandatory, other values as needed (to be specified by the company)

	Number of antenna ports for CRS
	1

	Number of antenna ports for CSI-RS
	1 as the baseline, other values to be specified by the company

	SNR
	-8 dB mandatory, 0 dB and 8 dB optional

	PSS/SSS
	Transmitted as in Rel-8/9/10, other configurations optional



The performance metrics are the time and frequency synchronization errors. CDF and/or standard deviation should be provided.
The reference performance should be provided for the CRS-based option with 1.4 MHz channel bandwidth and with CRS transmitted on one antenna port for an FDD system with 6 MBSFN subframes configured and a TDD system with configuration 0. The performance for a TDD system with configuration 1 may also be provided.

The detailed comments from the companies on the evaluation assumptions are as follows.

Discussion/Company comments:
[Ericsson, ST-Ericsson] The baseline periodicity to be evaluated should only be 5 ms to take into account all TDD and FDD configurations. Given the frequency and time uncertainty values, the rationale for 10 ms as the measurement period is not clear. Companies should be free to consider other additional measurement times in their evaluations.
Also, the time and frequency uncertainties normally seen in the DRX scenarios referred to will probably be implementation dependent.
[Fujitsu] For clarification, considering the "Initial frequency uncertainty" and the "Initial time uncertainty window", is it the intention that the initial conditions for each simulation "drop" should be randomly selected and fall within those windows?

This would be in line with the assumption that there is an initial acquisition phase as you mention, but which is not modelled explicitly, and then tracking proceeds for some time using CRS/CSI-RS/PSS/SSS.

However, for consistency it would be desirable to specify the pdfs of the initial values within those windows. For example, uniform distributions of initial frequency and timing error would be simple to model (which is fine), but maybe normal distrubutions would be more realistic. In the latter case the standard deviation should be specified.

In order to allow proper assessment of results, perhaps the total number of subframes per drop and number of drops (or equivalent information) should be indicated by each company.

In this context it is not clear what is intended by "Total number of subframes measured: 10ms". 

If this is this supposed to be granularity with which the frequency/timing values are estimated and reported, then the comments from Ericsson on this point seem reasonable.
[Huawei, HiSilicon] The mandatory value set should be kept as it includes existing configurations, e.g., CRS periodicity 1 ms for FDD and 5 ms for TDD. For the total number of subframes measured, it should at least be considered to have 8 ms (SCell activation time), while other values may also be considered. We suggest having further channel bandwidths as optional and specifying a uniform distribution for the frequency error.

It is not clear to us what the following means with regards to the word offset: “(different offsets between PSS/SSS and CRS/CSI-RS should be considered if PSS/SSS are used for synchronization/tracking)”. We suggest removing this sentence and having other PSS/SSS configurations as optional.

[ZTE] Regarding the estimation algorithm, we recommend: Correlation and peak search over 1 subframe for time tracking algorithm; Correlation and phase comparison within 1 subframe for frequency tracking algorithm, for reduced bandwidth for CRS or CSI-RS.

For the reference algorithm, we have compared with other companies results and see it make difference to the time estimation especially for frequency vs. time reduction of CRS. That's why we recommend to have some baseline to use. And our recommendation is actually from NSN's simulation. Since it need time to converge, we can let it specified in the futher results by companies but keep in mind now that affect results. 

[LGE] Distribution of frequency/time uncertainty

Uniform distribution would be ok for simplification. Other distributions such as normal distribution can be evaluated optionally by each company for further insights.

Total number of subframes measured

This is highly implementation-dependent. Therefore, it seems reasonable for each company to specify its own assumption.

[NSN] Regarding the time window for measurement/averaging, we feel that 50 ms is excessive. As pointed out by Huawei, e.g. in the case of SCell activation, it cannot be assumed that the UE can average the RSs that long. Need for long averaging times also implies degraded performance after the UE wakes up from e.g. DRX, hence limiting the opportunities for UE power savings, which we do not find acceptable. Therefore we support setting the parameter “Total number of subframes measured (including the subframes where no CRS/CSI-RS is transmitted)” to e.g. 10 subframes at maximum.

[Qualcomm] In our opinion, 5 subframe averaging should be assumed. This is the typical available measurement period assumed in DRX. 5 subframe averaging should be used for both the reference and the NCT measurements in order to have battery life comparable to Rel-10. 
[Samsung] Concerning the number of measured subframes, as the views are diverse between the companies, it seems more agreeable at this moment to leave the specific values open to the companies.
[CATT] Regarding the TDD reference configuration, we also sympathize with Peter's comments. On the other hand, since this is the RAN1 evaluation on the relative performance comparison between Rel-8 CRS and Rel-10 CSI-RS for time/frequency tracking, we think it is OK to assume TDD configuration 0 in the current RAN1 evaluation. If it is decided to allow UE time/frequency tracking based on Rel-10 CSI-RS, RAN4 will need to discuss the relevant testing and perhaps even new requirements.

� The initial time uncertainty window length is half of the CP length, assuming the initial coarse time estimation is done in the acquisition phase.


� If PSS and SSS are used for synchronization/tracking, different time offsets between PSS/SSS and CRS/CSI-RS may need to be considered. For example, it should not be assumed that PSS/SSS always appear in the same subframe as CRS/CSI-RS when the periodicity of CRS/CSI-RS is 5 ms.





