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1
Introduction
In RAN1 meeting #50, RAN1 made an agreement that for those subframes which use short CP length, the RS sequence is a product of a pseudo-random sequence (PNS) and orthogonal sequence (OS) while for those subframes in which long CP is used, including MBSFN subframes, the RS sequence will consist only from PNS. Later it was noted that this arrangement makes neighbour cell measurements more difficult as UE might have no knowledge on which subframes in neighbour cells are having long CP and thus PNS-only RS and which subframes are having short CP with PNS+OS reference signals.
However, in addition to aforementioned issues, we see that already the CP length ambiguities will cause problems related to measurements. In this contribution, we highlight these additional issues related to MBSFN subframes and discuss a number of solutions to these issues.
2
Additional issues
Due to related and well-known timing tracking issues [2] it is our view that OS RS should be removed also from short CP subframes. We also see (in contrast to earlier common understanding) that already having a different CP length in MBSFN subframes imposes problems to neighbour cell measurement. The ambiguities in the CP length lead at least to following problems:
· When UE assumes a short CP and the MBSFN subframes utilize a long CP, there will be a cyclic shift in time domain and thus a phase rotation in frequency domain (compared to using correct OFDM symbol timing). In principle the phase shift would disappear when the power is calculated (absolute value squared). However, we see that in order to get reliable measurement results without bias due to effect of interference+noise there is a need to utilise complex values in the RSRP estimation instead of only directly taking the power of received signal. This is especially highlighted at very low SINR conditions, which are relevant for the neighbour cell measurements. In these conditions, the noise+interference will be dominating and thus it is important to ensure that complex values can also be used for removing the bias due to noise + interference. Wrong assumption about the CP length will add a too significant phase rotation on top of the channel for complex averaging to work. The same type of an effect is seen if measurements are done in time domain. Furthermore, when measuring a PN-OS RS symbol with a wrong assumption regarding the CP length due to the cyclic shift, the UE might be measuring a not intended cell (but some other cell of that eNB) is some parts of the measurement BW bandwith. Thus, with the current RAN1 working assumptions it is only possible to measure subframes #0 and #5, which would rule out certain classes of RSRP determination algorithms and limit UE implementation flexibility.
· Since with the current RAN1 working assumption it is only possible to measure subframes #0 and #5 in the neighbour cells that have an unknown MBSFN/unicast allocation, the measurement duration (per sample) becomes longer. This leads to longer UE wake-up times and thereby higher battery consumption in idle mode. Our preference would be that the specification would allow the UE to minimize its measurement durations (when measurements are done for a given cell) in order to optimize the battery consumption.

· Also the timing of the neighbour cells needs to be maintained. Since there is no information about the possible time shifts in the reference signals due to CP length ambiguities, timing tracking performance will degrade..
3
Possible solutions
As mentioned, our view to solving the problems regarding the reference signal sequence is that OS cover is removed also from short CP subframes. In the discussions at the RAN1 e-mail reflector, one possible proposal that could in theory be used also to remove the CP length ambiguity would be to make measurements with double hypotheses (long CP, short CP). However, as our view is that this will result in unjustified increase of the terminal complexity and moreover still has a degrading effect on the measurement performance in case of erroneous blind detections, so we have ruled out this option from further consideration.
In the following, we present some solutions that we see at least somehow feasible. Any of them alone can not solve all problems; on the other hand the solutions are not mutually exclusive.
3.1
Solution 1: Full signalling of the MBSFN subframe allocation for both serving and neighbour cells
Current working assumption is that MBSFN subframe allocation will be signalled by higher layers (System Information) for the serving cell. In addition the UE is only informed whether there is any MBSFN presence in the neighbouring cell, and whether it can assume that the MBSFN subframe allocation is identical to the serving cell. We see that all the issues described above could be overcome by signalling also the MBSFN subframe allocation for the neighboring cells. However, since in MBSFN area borders the MBSFN subframe allocations may vary in different neighbour cells, this would lead either to a lot of signalling overhead or to loss in the MBSFN subframe allocation flexibility. Still, we note that the overhead can be avoided in MBSFN center cells by using the MBSFN difference indicator and signalling the exact allocation for (groups of) neighbors only when the difference indicator is set.
In addition, there is a more difficult problem with this approach: Our assumption is that the MBSFN subframe allocation is not the same in each radio frame – rather there will be some MBSFN subframes present e.g. in every Nth radio frame, i.e. they are arranged in clusters. This means that for signalling the exact MBSFN subframe allocation in neighbour cells to be useful, the UEs should have knowledge about the System Frame Number in the neighbour cell. Since MBSFN operation requires network synchronization, in a typical case the SFN in neighbour cells would be equal to SFN in the serving cell and thus there would be no problem. However, there is the corner case of MBMS synchronization area border, where the neighbour cells may actually be asynchronous. In that case there would be no knowledge about the SFN in the neighbour cell and thus this approach would not work.
3.2
Solution 2: Further restrictions on which subframes can be used for MBSFN
Currently only subframes #0 and #5 can be always fully utilized for measurements, i.e. they are not available for MBSFN use. We believe that especially in case of the smallest operating bandwidths reliable measurements require more RS than what is available in these subframes, and thus, measurement duration (per sample) will be extended - this on the other hand increases idle mode UE battery consumption. Without further restrictions on which subframes can be used for MBSFN, this problem remains even if the MBSFN subframe allocation is fully signalled as described in the previous section. So, in this solution further restrictions on which subframes can be used for MBSFN would be done, e.g. define that subframes #1 and #6 also can not be utilized for MBSFN.
This solution would alleviate the measurement performance issues; on the other hand, it further limits the maximum capacity of mixed carrier MBSFN.
3.3
Solution 3: Bandwidth restrictions for unicast/MBSFN shared carrier

One way of increasing the number of RS that are always available for measurements would be to rule out the usage of smallest bandwidths for unicast/shared shared carrier, i.e. define that MBSFN can be deployed only on shared carriers with bandwidth options larger than or equal to 5 MHz. Again, this would alleviate the measurement performance issues, provided that the UE utilises larger measurement bandwidths than the 6 RBs for the bandwidth options equal or larger than 5MHz. 6 RBs is currently used as a working assumption for developing UE minimum mobility requirements in RAN4. We see that this option could be feasible in practice since even unicast capacity will become quite limited if MBSFN is deployed on narrow bandwidth shared carrier. Anyway, operator input would be appreciated here to ensure the feasibility of the solution.
We note that no BW restrictions should be made for dedicated MBMS deployments.
3.4
Solution 4: Changing the MBSFN subframe format
One more solution would be to modify the MBSFN subframe format so that the RS in the first OFDM symbol will always have the same format independent of the subframe type. In this solution, we would fix the PDCCH symbols to utilize unicast CP always. If unicast CP is a long CP, there is no change to the subframe format. In case of short unicast CP, this can be done as previously proposed in [1]. Here, the remaining period is either muted or used to extend the CP of the first MBSFN symbol. The drawbacks of the approach are that the “remainder period” is basically wasted and that MBSFN may cause additional interference to the PDCCH of the next subframe. This solution is illustrated in Figure 1.
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Figure 1. MBSFN subframe format originally proposed in [1]. Here, the period between PDCCH and PMCH portion of the subframe is either muted, or the CP of the first PMCH symbol is extended.

The length of the idle period or extended cyclic prefix of course depends on the number of PDCCH symbols (1-2). This solution would alleviate measurement problems as the first RS in all subframes would be available for measurements always (however still we think that the measurement duration should be made even shorter). Also, this solution has the advantage that the first. RS can be easily used in unicast channel interpolation, since the timing of the RS remains the same.
4
Conclusion
In this contribution we have raised some further identified issues related to the deployment of normal and extend CP, in addition of those related to the different RS sequence. The CP length ambiguity will limit the available RS for measurements (subframes #0 and #5), increasing the required measurement duration. To alleviate these issues following solutions are proposed:
· Since orthogonal sequences cause major issues with timing tracking (and thus may lead to increased idle mode UE power consumption) as we have shown in R1-073640 [2] as well as complicate neighbour cell measurements, we propose that OS are removed from the specification.

· Of the presented solutions, solution 4 seems to fix almost all issues at once. So, we would like to bring back the original NEC proposal from [1] where the PDCCH will always use unicast CP. In case of short unicast CP, an extended cyclic prefix should be added to the first MBSFN symbol.
· Since in MBSFN subframes there will still be only one OFDM symbol with RS for use in measurements, in addition to solution 4, also solutions 2 (further restrictions on which subframes can be used for MBSFN) and 3 (bandwidth restrictions for unicast/MBSFN shared carrier) should be considered in order to limit the measurement duration and thus UE battery consumption.
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