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1. Introduction
In RAN#58, the study on physical layer aspects of small cell enhancements has been agreed to last for four working group level meetings. In a companion, we discuss the general evaluation assumption for the physical layer enhancement of different small cell scenarios; while in this contribution, we firstly discuss the possible enhancement/overhead reduction for the UE-specific RS and control signaling and then focus on the specific evaluation assumptions related.
2. Discussion
2.1 Enhancement for UE-specific RS
The UE-specific RS is mainly for the demodulation of the data of the uplink or downlink acquiring the same bandwidth of the data transmission. The UE-specific RS contains several Res in each slot each subcarrier to provide reliable channel state information of the uplink or the downlink. The density of the UE-specific RS is carefully evaluated to satisfy the performance requirement in the regular UE and eNB configuration with the classic distance between them. However, for the small cell scenario, the distance between the UE and the eNB can be much less than that considered in legacy releases, consequently, the path loss between the transmitter and the receiver is much less, which is a main factor of the channel state. Another factor affecting the channel between the transmitter and the receiver is the interference level. For the small cell deployment, the interference condition is closely related with the deployment of the small cell and possible macro cell and also their respective power level, which may be quite complex than that discussed previously.
The UE-specific RS enhancement need to consider both the path loss aspects and the interference aspects in the small cell deployment. With the distance between the transmitter and the receiver decreases, the UE-specific RS with less density may also get reliable demodulation performance with less path loss; Meanwhile, the less UE-specific RS transmission can also produce less interference to other UEs with MU-MIMO scheduling or UEs located in other cells scheduled at the same time frequency resource. Consequently, UE-specific RS density reduction is a promising method to deal with the small cell deployment.
There are two means to decrease the UE-specific RS density:
· Decrease the Res allocated by the UE-specific RS in each PRB;
· Decrease the PRBs allocated by the UE-specific RS;
The method to change the RE pattern in a specific PRB has less backward compatibility and may lead to much standardization work. For the reason that the specific UE-specific RS location is well designed to cope with various channel and is proved to be robust and reliable in the practical system design and network deployment, it is reasonable that not to change the RE location and RE number allocated by the UE-specific RS in a specific PRB.
For two antenna ports could be one of the typical configurations for small cells. In this case, 12 Res are occupied as UE-specific reference signals (DMRS). Assuming CFI=3, there are still 12*11-12=120 REs are available for carrying the data. Which means at most 10% overhead could be reduced if DMRS are not involved at all. Considering a tradeoff between the performance degrading and overhead reduction, 5% overhead could be saved. However, taking into account the fact that less CFI, e.g., 0 or 1 might be a typical configuration, as well as NCT is deployed on small cells, the number of available data REs would be increased. And thus, the gain of overhead reduction from DMRS would be less than 5%.  However, for the cases more antenna ports are employed, e.g., more than 2, the gain of it will be increasing, therefore, it need further studied by evaluation.
The UE-specific RS allocates the same PRBs in present system design. With less PRBs allocated for UE-specific than the data transmission in mind, the PRBs allocated by the UE-specific RS can be every two PRBs other than every PRB in the data transmission PRB range. This method can decrease the signaling overhead produced by the UE-specific and has less impact of the operation of the system, which is similar as that of the frequency domain division of the SRS. The eNB can notify the UE about the frequency configuration/ frequency starting position of the UE-specific RS, which can be included in the high-layer parameter set or in a dynamic way according to the realistic application scenario. Then the transmitter sends the UE-specific RS with less density and the receiver does the equalization and the demodulation with less density. Whether this density reduction method in the PRB level can work need to be carefully evaluated.
Observation 1: Overhead reduction of the UE-specific RS may make full use of the less path loss in the small cell deployment scenario and produce less interference to other related UEs. If justified by the performance evaluation, density reduction in the PRB level with less standardization work can be considered.
2.2 Overhead reduction for control signaling

According to the same reason as the density reduction of UE-specific RS, the overhead reduction of the control signaling can also be considered as a method to save signaling resource and lead to less interference to the whole system. 
CSS on ePDCCH
The control signaling can be carried by PDCCH or ePDCCH. With more near distance and then more reliable channel, the control signaling transmission can save signaling overhead by utilize lower aggregation level, which can increase the information efficiency to a large extent. Meanwhile, the advanced UEs can be configured to blind decoding both the CSS and the USS on the ePDCCH search space, which can free the use of PDCCH for backward operation. For the reason that the ePDCCH is more flexible at resource allocation and the interference avoidance, utilization of ePDCCH other that the PDCCH can also save the signaling overhead for control signaling. Apparently, lower aggregation level control signaling can be supported for both the legacy UEs and the advanced UEs, while CSS on ePDCCH rather than PDCCH can only be supported in a non-backward compatible manner, which make the use of CSS on ePDCCH less useful. However, the small cell deployment can utilize the new carrier type, which is a non-backward method in the essence, consequently, combination of new carrier type and CSS on ePDCCH can be made full use of by the small cell deployment to gain for the advanced UEs. While the service of legacy UEs can be served by the overlaid macro cell or other backward compatible small cells.
Multi-subframe scheduling
Another method for control signaling reduction is by multi-subframe scheduling, which means that a single PDCCH/ePDCCH can schedule multiple originally different PDSCH/PUSCH transmission. This kind operation is based on the condition that the channel state change very slowly in the time domain, and these data transmission share the same scheduling information, such as the MCS value, and the same quasi-co-location information, etc. With this kind of scheduling, a new scheduling timing and HARQ timing need to be designed to cope with this circumstance, such as high layer signaling to activate multi-subframe scheduling and feed back the A/N according to the latest data transmission, which is non-backward compatible and need much standardization work. However, consider the latency of the non-ideal backhaul between the small cells and between the macro cell and the small cell, the scheduling timing and HARQ timing may also need to be updated according to the practical use case. Consequently, if the performance and the signaling saving can be justified by the simulation, this kind of multi-subframe scheduling can also be considered.
Cross-site scheduling
An ideal case is that all control information, e.g., DCI, broadcasting information , C-plane information, are passed through the macro cell, only data is transmitted through small cells. In this case, from the perspective of small cells, there will be no any control overhead. Only UE-specific RS, i.e., DMRS, CSI-RS are transmitted to maximize the data resource. 
However, this requires high backhaul performance. In this case, an inter-eNB scheduling requires two eNBs (usually a macro cell and a small cell) exchange information dynamically. For example, the ACK/NACK may need to pass to macro cell through the pico cell within one or few TTIs, to facilitate macro cell’s next scheduling.  In this case, only ideal backhaul can satisfy this requirement. 
Therefore it is more reasonable split the transmission above the MAC layer, i.e., C-plane and U-plane splitting.  When a UE is dual connected with the macro cell and pico cell, the semi-persistent changed high-layer signallings may come from macro cell, and data information can be dynamically scheduled from the pico cells. On the uplink direction, to save the UE power consuming, it is prefer to let pico cells transfer the high layer control information to the center macro cell.  
Broadcasting signals reduction 
Broadcasting signals reduction may lead to non-backward compatible, and as list in RAN1 requirements: ‘The introduction of non-backwards compatible features should be justified by sufficient gains.’ Therefore, it will not be considered in this SI.
Observation 2: If justified by the simulation, lower aggregation level of PDCCH/ePDCCH, CSS on ePDCCH, multi-subframe scheduling of data transmission and cross-site scheduling can be considered as control signaling reduction method.
2.3  Related evaluation assumptions
The UE-specific RS enhancement method and the control signaling overhead reduction methods all need link-level simulation for performance evaluation. For these simulations, different channel models, different UE speeds, different frequency deployment, different interference conditions, different receiver types, different antenna calibration errors, and different transmission schemes all need to be taken into consideration. Expect the transmission scheme is only related to the data transmission, specifically the multi-subframe scheduling, other factors are all related to both the control signaling transmission and the useful data transmission, for the reason that data decoding is based on the successfully reception of the control signaling. While several of the factors are general ones as addressed in the companion contribution related to the different scenarios, the evaluation assumptions specific for the link level simulation for these possible enhancements proposed in this contribution may be only different receiver types and different transmission schemes. For the reason that the muli-subframe scheduling is suitable for the time change slowly channel, which may lead to the conservative transmission scheme, while in other kind of simulations the dynamic physical layer scheduling may lead to the transmission scheme with higher peak data rate. There are various receiver types, such as the MMSE type and the IRC　type and other advance receiver types at both the eNB and the UE side which can suppress the interference in a more stronger way. Different receiver types may lead to quite different performance even in the same channel state, and the same receiver type may get different performance for the control channel and the data channel. As the schemes proposed in this contribution is more related to the control channels, several classical receiver types need to be taken into consideration for the performance evaluation.
Observation 3: Several classical receiver types need to be considered in the link level simulation for evaluation of the enhancement of the UE-specific RS and the control signaling.
3. Conclusion
In this contribution, we discussed the possible enhancement for UE-specific RS and control signaling and the related evaluation assumptions, and our observations are as following:
Observation 1: Overhead reduction of the UE-specific RS may make full use of the less path loss in the small cell deployment scenario and produce less interference to other related UEs. If justified by the performance evaluation, density reduction in the PRB level with less standardization work can be considered.
Observation 2: If justified by the simulation, lower aggregation level of PDCCH/ePDCCH, CSS on ePDCCH, multi-subframe scheduling of data transmission and cross-site scheduling can be considered as control signaling reduction method.
Observation 3: Several classical receiver types need to be considered in the link level simulation for evaluation of the enhancement of the UE-specific RS and the control signaling.
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