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Discussion 

1. Introduction
RAN1 has been considering the RS design for new carrier type, and has sent RAN4 an LS documenting their agreements and requesting guidance on certain aspects in [1], which is copied below
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2. Discussion
Time and frequency tracking
The impact of reduced accuracy in time and frequency tracking is expected to be seen primarily in UE demodulation performance. Quite severe degradation would need to occur before a UE would fail to meet uplink requirements for frequency error, or transmission timing. NCT demodulation performance should have comparable performance in practice to rel8 carrier performance, otherwise the benefits of reduced overhead may be cancelled out by reduced UE performance.
In RAN1, some studies have been performed on the time and frequency tracking performance with different reference symbol designs, see for example [2] which showed that showed that the combination of 5ms periodicity and reduced BW such as 6 RBs lead to “significant degradation is observed especially in the frequency tracking”. Similarly, from [3] we can observe that for 6RB and 5ms periodicity and worst case TDD configuration (configuration 0 with DwPTS of length 3 symbols) the tracking performance is reduced compared to rel8. On the other hand, with 15RB this contribution shows that it is possible to outperform the release 8 reference.
Based on these contributions, we think it can at least be concluded that 6RB RS bandwidth is not sufficient for good time and especially frequency tracking.

RRM measurements
Firstly, RAN1 asks RAN4 for a view on how RRM measurements would be performed for NCT. Our view here is that mobility procedures for NCT such as detection of a changed best SCell should reuse as much as possible of the methodology from release 10 CA carriers. This means that it should be possible for the UE to detect and measure neighbour cells on the NCT, and to use comparable event signalling to report them to the network, including measurements when the NCT is in deactivated state. This means that there would be a need to make RSRP-like measurements on the RS port which RAN1 describes in the LS.

Next we consider the impact of the RAN1 decisions and possible bandwidth options on RRM measurements, namely RSRP and RSRQ of NCT serving and neighbour cells. We assume that it would be important to be able to report similar measurement events for the NCT as for release 10 carrier aggregation, and with a similar minimum performance requirement for accuracy and reporting delay/measurement period. Moreover, we think that when considering the guidance given to RAN1, RAN4 should not just consider whether minimum performance requirements can be met with a certain RS design, but also the best case accuracy that can be achieved by a better-than-minimum implementation.
Since existing RAN4 minimum requirements are based on an assumption of 6RB bandwidth, and it is well known eg from work on eICIC that RRM measurements do not need to be made on every subframe within the measurement period (eg ~5 samples are assumed in link level accuracy simulations), there appears to be ample opportunity in time domain even with the 5ms periodicity for the new RS port and since it consists of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence, it should in principle be possible to make RSRP measurements with a comparable accuracy requirement and measurement period/reporting delay to eg release 10 SCC measurements for cells of the NCT, even if the bandwidth of the NCT RS port is 6RB.

On the other hand, we note that the possibility for coherent averaging over consecutive subframes is removed by the time domain design of the reference symbols on the NCT. This possibility is also removed for other RSRP measurements, such as with a time domain restriction in eICIC, and should not preclude typical RAN4 minimum accuracy requirement being met, but nevertheless one opportunity for UE implementations to provide more accurate measurements is eliminated by the new RS design. Since it is also important to consider the best case accuracy that can be achieved using the RS design, we think it might be somewhat limiting to reduce RS density in the frequency domain to 6RB, considering the already agreed time domain reduction to one subframe with 5ms periodicity.
Reducing the bandwidth of RS may also cause increased UE power consumption. For release 8 DRX operation, a UE would be able to reduce the number of time domain samples used within the measurement period when wider than 6RB measurements are allowed, as it is able to exploit the wider bandwidth measurements in the frequency domain to meet the RAN4 accuracy requirements. This possibility would be removed if 6RB measurements were the only option for NCT, ie  the chosen BW was min(system BW, X) where X is {6,}RBs
Moreover, RAN4 is considering RSRQ changes targeted to certain deployments where the interference is not captured within the central 6RB. If the same deployment challenges can exist on carriers of NCT, it may be necessary to facilitate RSRQ measurement over more than 6RB BW.
For these reasons, we think it would be beneficial from a measurement perspective to consider more that the RS for the NCT should occupy more than the central 6RB, even though potentially RAN4 minimum performance requirements for RSRP and RSRQ accuracy could be expected to be met with 6RB RS, based on the assumptions that have previously been used in RAN4 to derive requirements. However, it is somewhat risky especially from an RSRQ interference perspective and also may be limiting to the achievable UE measurement accuracy. We note that for interfrequency measurements an optional shorter measurement period was defined in release 8 when 50 RB measurement bandwidth is allowed, demonstrating one of the benefits which may be retained by not eliminating the possibility of wider BW measurements.
Overall analysis of the options
Having considered the time and frequency tracking performance and RRM performance separately, we now consider the options which RAN1 seeks guidance on, assuming. In the liaison statement, there are 3 options which RAN4 should give an opinion on, assuming that RRM measurements are performed on the new RS port
· Bandwidth of the RS port is FFS until RAN1#69 between one of:

· full system BW, and

· min(system BW, X) where X is selected from {6, 25}RBs

· configurable between full system BW and min(system BW, X)
From these options, clearly the best UE performance will be expected from full system BW, however the second option of min(system BW, X) could be considered for X=25. For X=6, we would expect significant degradation of time and frequency tracking of the UE compared with release 8 baseline. Although RAN4 minimum performance requirements for RRM measurements could likely be comparable to release 8 baseline, we consider it may be risky also from a measurements perspective due, for example to the discussion which is on going about specifying wider RSRQ bandwidth for the legacy carrier type.

Another important point to consider is that minimising differences from release 8 carrier type will allow faster and lower risk implementation of NCT as well as easier reuse of existing CA RAN4 requirements for NCT. The new RS already has an agreed reduced density in the time domain, but release 8 UE already needs to be able to operate without exploiting all CRS transmissions in the time domain eg due to DRX operation. From this perspective, full system BW offers advantages compared to a reduced BW, but this needs to be considered against the additional RS overhead.

Finally, considering the final configurable option from a RAN4 perspective, it would be difficult to account for this configurability in any future RAN4 requirements which might be developed. For example, UE demodulation requirements are unlikely to be different depending on the RS port configuration and similarly RRM measurements are likely to be defined generically and independently of the configuration. The configuration could also cause issues for neighbour cell measurements, since the UE either has to be aware of whether the neighbour cell is using full system bandwidth, or min(system BW, X) option (as well as being aware of whether the system BW in neighbour cells is the same as the serving cell or not), or otherwise the UE makes a worst case assumption, which is most likely to measure neighbour NCT RS ports with 6RBs (or X), irrespective of what the configuration setting is. Thus there is a risk that the configurable option results in cells which are configured with full system BW (and thus the RS overhead is greater) but on the other hand the UE is not aware of this and does not exploit the increased RS, at least from a neighbour measurement perspective. The configurable option also increases the testing efforts and IOT risks for NCT and thus we recommend that RAN1 and RAN4 decide on the appropriate RS BW which provides the needed performance for the proper operation of the NCT at system level, rather than leaving the decision to eNB configuration.
Based on this analysis, we provide the following draft response to RAN1, although it would still be beneficial to evaluate other company analysis and results, especially for concluding on whether min(system BW,X) with X=25 is sufficient for time and frequency tracking and RRM measurements, before agreeing a response LS to RAN1.

Draft response to RAN1:

· From the perspective of time and frequency tracking accuracy, which bandwidth (as listed in the agreement above) is considered as sufficient?

· Min(system BW, X) with X=6 and the agreed 5ms periodicity is expected to be insufficient for the purposes of time and frequency tracking, with reduced performance compared to release 8 baseline.

· Full system BW, or Min(system BW, X) with X=25 may be considered sufficient for time and frequency tracking purposes.
· How should the RRM measurements be handled for the new carrier type?

RAN4 view is that measurements analogous to RSRP and RSRQ should be defined for the new RS port described in the liaison statement. This would allow similar mobility procedures and events to those used for legacy SCells.
· If the RRM measurements are performed based on the RS port described above, which bandwidth (as listed in the agreement above) is considered as sufficient?

· Bandwidth of the RS port is FFS until RAN1#69 between one of:

· full system BW, and

· min(system BW, X) where X is selected from {6, 25}RBs

· configurable between full system BW and min(system BW, X

Although 6RB measurements could be considered sufficient to meet RAN4 accuracy requirements, there are currently discussions on going in RAN4 relating to the benefits specifying wider RSRQ measurement bandwidth for release 8 type carriers. Additionally, for interfrequency measurements in release 8, RAN4 defined optional enhanced performance requirements when 50RB are available. Thus RAN4 view is that min(system BW, X) where X=6 would also be somewhat risky from an RRM measurement perspective.
Finally, considering the configurable option from a RAN4 perspective, it would be difficult to account for this configurability in any future RAN4 requirements which will need to be developed for this RS port. For example, UE demodulation requirements are unlikely to be different depending on the RS port configuration and similarly RRM measurements are likely to be defined generically and independently of the configuration. The configuration could also cause issues for neighbour cell measurements, since the UE either has to be aware of whether the neighbour cell is using full system bandwidth, or min(system BW, X) option (as well as being aware of whether the system BW in neighbour cells is the same as the serving cell or not), or otherwise the UE makes a worst case assumption/ Thus there is a risk that the configurable option results in cells which are configured with full system BW (and thus the RS overhead is greater) but on the other hand the UE is not aware of this and does not exploit the increased RS, at least from a neighbour measurement perspective. The configurable option also increases the testing efforts and IOT risks for NCT and thus we recommend that RAN1 decide on the appropriate RS BW which provides the needed performance for the proper operation of the NCT at system level, rather than making the BW configurable.
3. Conclusions

In this contribution, we provide discussion and analysis related to the RAN1 LS on RS design for the new carrier type. Our conclusion is that an RS bandwidth of min(system BW, 6)RBs is likely to give degraded time and frequency tracking compared to a release 8 baseline, and is also risky from an RRM measurement perspective, although most likely similar minimum measurement performance requirements to release 8 could be met. Thus, the suitable options for RS bandwidth from the ones given by RAN1 are either system BW which will clearly offer the best available UE performance, given that 5ms periodicity is already decided by RAN1, or min(system BW, 25)RBs which provides a reduced RS overhead.
Configurability between these options as discussed in RAN1 is also analysed. We do not recommend configurable RS bandwidth as it will be hard to define suitable RAN4 performance requirements, it may create additional problems in UE knowledge of neighbour cell RS port configuration, and it creates additional testing effort and IOT risks. Therefore we think it would be better to conclude on the suitable bandwidth for the RS port in specifications rather than leave this to the network configuration.

Based on these considerations, we provide some tentative text for a possible response to RAN1, although it would clearly be necessary to see the results and analysis from other companies before finalising the recommendations to RAN1, especially for the min(system BW, 25)RBs option.
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1. Overall Description:


For the additional carrier types for carrier aggregation enhancement, RAN1 has reached the following agreement:


Agreement (at least for the case of a carrier of the new type being “unsynchronised” (see below for definition in this context) with the associated backward-compatible carrier):


New carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity


This RS port is not used for demodulation


FFS how RSRP measurements would then be handled for the NCT 


Bandwidth of the RS port is FFS until RAN1#69 between one of:


full system BW, and


min(system BW, X) where X is selected from {6, 25}RBs


configurable between full system BW and min(system BW, X)





Agreement (for unsynchronised cases): Rel-8 PSS/SSS sequences are transmitted.





The definition of synchronised and unsynchronised cases of the new carrier type was agreed in RAN1#67 as follows:


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. 





RAN1 would like to seek guidance from RAN4 on the following issues:


From the perspective of time and frequency tracking accuracy, which bandwidth (as listed in the agreement above) is considered as sufficient?


How should the RRM measurements be handled for the new carrier type?


If the RRM measurements are performed based on the RS port described above, which bandwidth (as listed in the agreement above) is considered as sufficient?





2. Actions:


To: RAN4 


ACTION: 	RAN1 kindly asks RAN4 to investigate and provide guidance on the two aspects listed above and comment on any other related issues that RAN1 should take into account.











