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1. Introduction

In RAN#65 meeting, the study item of small data transmission enhancement was approved, which is targeted to support massive deployments of small data transmission applications. The signalling optimization was identified as one potential direction to support massive deployment of UEs and hence taken as one important objective in this study [1]:
· Signalling optimizations to support massive number of devices and/or optimize small packet transmission (for example control signalling overhead reduction)(RAN2, RAN1)
In this contribution, the target scenarios and the necessity for the signalling optimization work in RAN1 are analyzed. In addition, some potential solutions are also discussed to reduce the signalling overhead in RAN1.

2. Discussion
2.1 Necessity of signalling optimization
The objective of the study item is to identify potential problems and system bottlenecks and also technical solutions for improved support for small data applications, delay tolerant applications and massive deployment of devices over HSPA based transport [1]. In RAN1#78bis characteristics of the traffic model used in this study item were agreed, in which the typical burst size is assumed to be 100 bytes. Also general simulation assumptions on coverage evaluation were agreed, in which the typical TB size on physical layer is assumed to be 120 bits [2]. Based on the agreements in the last meeting, it can be seen that in the target scenarios of this study item, the devices have a small packet size to be transmitted. Besides the characteristic of small data transmission, supporting massive number of UEs is an objective of the SID, which means that a high number of UEs transmitting simultaneously should be supported in one cell. Considering the above aspects, the target scenarios of the study is illustrated in Figure 1, in which massive number of devices with small data applications needs to be supported in one cell.
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Figure 1 Target scenarios for the study item of small data transmission
The uplink signals from different UEs cause interference to each other. When the number of UEs with simultaneously transmissions is significantly increased, the uplink interference shall become more and more severe and eventually becomes the bottleneck of the uplink capacity. Therefore, to support massive number of UE deployments in one cell, the uplink interference issues should be resolved or mitigated.
Furthermore, for small data transmissions the burst size is small and usually the working point of control channels like DPCCH and E-DPCCH are set at the NodeB side in order to obtain robust performance, hence the portion of the total power consumed by the control channels shall be much larger than that in normal transmission (not only small data transmission). Considering this, in the target scenario shown in Figure 1, the portion of RoT due to control channels shall be a significant part of the total RoT budget.
Considering the above two aspects, it is attractive to study signalling optimization solutions in RAN1 to reduce or mitigate the RoT contribution of uplink interference due to control channels. By doing this, the bottleneck of uplink capacity on physical layer could be mitigated to meet the requirement on supporting massive number of devices with low data rate transmissions.

Besides the uplink, in the target scenario, the code or signature resources may be also insufficient for downlink channels, considering UMTS would be code restricted when many UEs need to be supported simultaneously. Hence, it would be also beneficial to study signalling optimization for downlink channels in RAN1.
2.2 Potential solutions of signalling optimization
Currently E-DPCCH is transmitted along with E-DPDCH and is used to carry the related control information for E-DPDCH, which consists of E-TFCI, RSN and happy bit as shown in Figure 2.
Considering the characteristic of small data transmission, it would be feasible for NodeB to deduce the control information for E-DPDCH control information by using the scheduler information or other method. By doing this, E-DPCCH could be transmitted with reduced power or even be totally muted [3]. In the scenario with many small data transmission UEs, the uplink interference contribution to the total RoT due to control channels could be reduced, which would improve the uplink capacity to increase the supported UEs in a cell.
As an initial consideration, two potential solutions are discussed.


[image: image2.emf]E-TFCI RSN

Happy

 bit


Figure 2 Information structure for E-DPCCH

Solution 1: Reduced control information field conveyed on DPCCH
The first consideration for signalling optimization is shown in Figure 3, in which the control information field is reduced and conveyed by DPCCH without E-DPCCH transmission.
Considering small data transmission usually has small packet size, the legacy E-TFCI field in this scenario may be redundant and could be reduced. Also, it is known that for HARQ combining the performance is very similar for the chase combining mode and incremental redundancy for very low data rate service. Hence, it would be possible to remove the RSN field in the uplink.  Furthermore, considering the data rate of small data transmission is relatively low and the UE with small data transmission usually does not need to request a higher grant by using a physical layer signalling, the happy bit can also be considered to be removed. The control information for small data transmission could then be reduced to the E-TFCI field only. 
For the purpose of transmitting only the E-TFCI information, the E-DPCCH would not be transmitted and instead such information is conveyed by a reduced E-TFCI field on another channel. As shown in Figure 3, one straightforward way would be to carry the E-TFCI bits on DPCCH through replacing the TFCI and FBI fields by E-TFCI bits. Because the transmitted control information and transmitted channel number are both reduced, the overhead due to uplink control channels is also reduced. This is especially beneficial as the number of UEs with small data transmission increases.
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     Figure 3 Information structure for DPCCH

Solution 2: E-DPCCH less 
E-DPCCH less is another way for signalling optimization, in which the E-DPCCH channel can be muted in the first E-DPDCH transmission. 
In current E-DCH operation, the used E-TFC equals to the maximum E-TFCI allowed by SG in case neither buffer nor power limitation exists for uplink transmission. In that case the Node B could deduce the E-TFCI from the SG, and there is no need to send the indication of E-TFCI in E-DPCCH. As analyzed in the solution 1, for small data transmissions the RSN and happy bit also could be removed in the uplink transmission.  Hence, in the case of neither buffer nor power limited scenarios, the E-DPCCH can be muted totally in the initial HARQ transmission.

2.3 Summary
Base on the above analysis, it can be seen that signalling optimization would decrease RoT contribution of uplink interference due to control channels. Hence, the bottleneck of uplink capacity on physical layer would be mitigated to meet the requirement on supporting massive deployments of UEs in a cell. It would be also beneficial to study downlink signalling optimization. Thus it is proposed to study signalling optimization in RAN1 and further consider the proposed solutions in this contribution. 

3. Conclusion
In this document the target scenario of small data transmission is analyzed and the necessity of signalling optimization is provided for small packet transmission. Two potential solutions are provided. Based on this discussion, it is proposed to study signalling optimization in RAN1, and further consider the proposed solutions in this contribution.
Proposal 1: Study signalling optimization solutions in RAN1 to support massive number of UEs with small data transmissions.

Proposal 2: Capture the analysis on the necessity of signalling optimization and the proposed solutions in the TR.
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