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1 Introduction
The work on a new carrier for LTE was postponed from Rel-11 to Rel-12 and a work item for a new carrier type in Rel-12 was approved in RAN#57 [1] and further modified in RAN#58 [2]. Work was split into two phases. In the first phase, a new carrier aggregated with a legacy LTE carrier is to be specified. In addition, the benefits achievable with a standalone new carrier are to be evaluated and scenarios are to be identified. In the second phase, enhancements to the new carrier type are to be specified including stand-alone operation (if justified by the evaluations in the first phase) and optimizations for small cells taking into consideration input from the small cell study item. The approved work item also states that the work in Rel-12 will proceed from the starting point of the agreements and working assumptions reached so far in RAN1 during the Rel-11 work item.
As per the current agreements carried over from Rel-11 work, Rel-8 PSS/SSS will be transmitted on the new carrier. The new carrier type will carry one RS port in one out of every five subframes and it will not carry Rel-8 CRS. Also, the RS port will not be used for demodulation [2]. Therefore, the new carrier type will be using UE-specific RS for demodulation. On the legacy carrier, the UE-specific RS are not transmitted in subframe 0 and subframe 5 in the central 6 RBs since the PSS/SSS transmitted in these RBs overlap with the UE-specific RS locations. On the new carrier, the lack of UE-specific RS will preclude the use of these RBs for transmission of useful data. This paper discusses some solutions to this problem. 
2 PSS/SSS and DM-RS conflicts
This section discusses the issues that arise with using the same PSS/SSS locations used in the legacy carrier, on the new carrier. Figure 1 shows the conflict between the legacy PSS/SSS and the UE-specific RS locations in the 6 central RBs both for FDD and for one of the TDD special subframe configurations. On the legacy carrier, these conflicts are resolved by not transmitting the DM-RS. On the new carrier, the DM-RS are the main reference signal used for demodulation. Therefore, the use of an RB that contains the PSS/SSS for data transmission will be severely limited. 


[image: image1]
Figure 1: Conflicts between legacy PSS/SSS locations and DM-RS 
3 Solutions
This situation may be addressed in two ways. The first option is to move the UE-specific RS to a different location. The second option is to move the PSS/SSS to different locations. In some cases, use of both solutions may be necessary. In RAN1#69, another solution was discussed [3]. This alternative proposed to keep the locations of both the PSS/SSS and the UE-specific RS the same and resolve the conflict by either puncturing the UE-specific RS or by forbidding transmissions in PRBs with PSS/SSS. 

The UE-specific RS are more important on the new carrier as compared to the legacy carrier since all demodulation on the new carrier will be done using the UE-specific RS. This includes all control information that is transmitted using the ePDCCH. Therefore, demodulation performance based on the UE-specific RS is critically important. Puncturing the UE-specific RS or forbidding transmissions in RBs where PSS/SSS are transmitted can lead to a large degradation in performance in the central 6 RBs or to a complete loss of useful transmissions in these RBs. We therefore propose that this alternative should not be considered further.

Proposal: For Rel-12, puncturing of the UE-specific RS or forbidding PDSCH transmissions in PRBs with PSS/SSS is not to be considered for the new carrier.
Modifying the DM-RS positions must be done with care since such a change will affect the performance of all transmissions on the new carrier. Therefore, such modifications need to be evaluated thoroughly. In prior discussions during Rel-11 work, it was thought that such a thorough evaluation was unlikely to be completed in the Rel-11 time frame. Moreover, it was recognized that since the DM-RS are UE-specific, new DM-RS patterns could always be defined for future releases without affecting the ability to serve UEs from Rel-11 and earlier releases. Hence, it was preferred that legacy UE-specific RS positions be maintained. However, due to the postponement of the work to Rel-12, this time constraint has been relaxed and changing UE-specific RS positions for Rel-12 UEs may be a viable option and possibly an attractive option if it can yield link level gains. Furthermore, the new carrier does not carry any PDCCH symbols. Hence, the initial symbols of the subframe will also be used for data when transmitting PDSCH or ePDCCH on the new carrier. Since these symbols are almost a slot away from the first DM-RS symbols, the channel estimation error caused by extrapolation of the channel estimates on these symbols could possibly be worse than that for the other symbols in the first slot. This can lead to a potential degradation of performance in comparison to what may be possible with a DM-RS pattern better suited to transmissions on the new carrier.

If the UE-specific RS locations are to be changed, one possibility would be to use locations that are already in use, for example in special subframes for TDD. However, an inspection of the various UE-specific RS positions used for special subframes reveals that all of them have some conflicts with existing signals. Most of them conflict with the CSI-RS locations in the second slot. The ones that don’t have a CSI-RS conflict have a conflict with the current PSS/SSS locations. To avoid conflicts, it may become necessary to also move CSI-RS on the new carrier. Another possibility to avoid such conflicts with the CSI-RS would involve moving the UE-specific RS to an entirely new location that has not been used so far. This can be done for example by moving the UE-specific RS positions in the first slot to earlier symbols in the slot. Figure 2 shows the potential performance gains for such an option where the UE-specific RS symbols in the first slot are moved to the second and third symbols in the slot while the symbols in the second slot are left unchanged. Performance (throughput and BLER) is shown for single layer transmission with QPSK and 64-QAM modulations using one UE-specific RS port with 5 MHz bandwidth in an EVA channel environment. As expected, the gains increase at higher speeds. It is notable that at a BLER of 1%, there is a gain of almost 0.9 dB with QPSK rate-1/2 at a Doppler of 180 Hz. This is indicative of the potential to increase robustness of ePDCCH transmissions on the new carrier type for higher speeds by using a more optimized UE-specific RS location. In addition, there is an increased possibility of using 64-QAM transmissions at higher speeds. Finally, it should be noted that if 256-QAM is adopted in the future for small cells, a more optimized pattern could potentially help even in low mobility situations.
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Figure 2: Performance comparison between legacy DM-RS position and a possible new position for the symbols in the first slot.

The second option of moving only the PSS/SSS affects the initial cell search and initial synchronization implementation and is thus the option with a lower implementation impact. In discussions on modifying the location of the PSS/SSS in RAN1#69, there were two possibilities that were discussed. The first was to keep the relative locations of the PSS/SSS the same as in Rel-8 and the second possibility was to change the relative locations. Modifying the PSS/SSS locations within a subframe is unlikely to affect cell detection performance or synchronization performance significantly. At the same time, moving the PSS/SSS (without UE-specific RS position modifications) is likely not going to result in significant performance benefits other than enabling the use of the 6 central PRBs in subframes 0 and 5. Thus, while this option is easier, it is not necessarily the best option as the sole solution in terms of obtaining the best possible performance on the new carrier. It should be noted that moving the PSS/SSS locations may be necessitated for TDD even if UE-specific RS location modifications are considered since the options for the special subframe are very limited.
Due to the considerations discussed above, it may be useful to further evaluate the benefits of a new UE-specific RS pattern or the use of an alternate existing pattern before deciding on changing the locations of the PSS/SSS on the new carrier.
Proposal: Consider the possibility of improving performance of UE-specific RS based transmissions on the new carrier with an alternate UE-specific RS pattern before deciding on the best option to avoid conflicts between the PSS/SSS and the current UE-specific RS locations on the new carrier. If there is a lack of interest in considering alternatives for the UE-specific RS, the PSS/SSS should be moved to resolve the conflict.
4 Conclusions

Some options were discussed to avoid the conflict between the PSS/SSS and the DM-RS in the central 6 RBs in subframe 0 and subframe 5 and the following proposals were made.
· Proposal: For Rel-12, puncturing of the UE-specific RS or forbidding PDSCH transmissions in PRBs with PSS/SSS is not to be considered for the new carrier.
· Proposal: Consider the possibility of improving performance of UE-specific RS based transmissions on the new carrier with an alternate UE-specific RS pattern before deciding on the best option to avoid conflicts between the PSS/SSS and the current UE-specific RS locations on the new carrier. If there is a lack of interest in considering alternatives for the UE-specific RS, the PSS/SSS should be moved to resolve the conflict.
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