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1. Introduction

In the study item of small data transmission (SDT) enhancement, the signaling optimization was identified as one objective to support massive deployment of UEs in RAN#65 meeting [1]. The scenarios and some potential solutions for the signalling optimization are also analyzed in [2][3]. In this contribution, we provide a text proposal on signalling optimization in SDT.

2. Text Proposal
[------------------------------------------------------------- TEXT START --------------------------------------------------------------]
6.2.1 Analysis of signalling optimization
6.2.1.1 General discussion

Based on the target scenarios for the study item, one important characteristic of small data transmission is small packet size and massive number of UEs. Due to the massive number of UEs, the cell would need to support large number of UEs to transmit the data simultaneously. As analyzed in [x], the uplink interference will be aggravated heavily and eventually become the bottleneck of the uplink capacity when the number of UEs with simultaneously transmissions is significantly increased, and the proportion of consumed RoT caused by control channels shall be much larger than that in normal transmission because of pretty small burst packet and relative stableness of the working point of control channels like DPCCH and E-DPCCH. Therefore, the signalling optimization solutions should be considered to reduce the RoT contribution of uplink interference due to control channels.

6.2.1.2 Analysis on SDT devices number in UMTS
As a further work based on the discussion in RAN1#79, the SDT UE numbers supported by legacy system is analyzed in this section. SDT devices shall coexist with legacy mixed traffic on the same carrier, and it is reasonable that when introducing the SDT traffic the legacy UEs’ capacity should not be impacted significantly. The number of SDT UEs supported can be calculated by the uplink Rx Ec/No per UE and the total RoT contribution (total load) caused by SDT. 
6.2.1.2.1 Analysis model
The typical capacity evaluation in WCDMA system is shown in the following Equation (a) and (b), in which the
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is defined as the uplink load factor. It corresponds to the RoT target and the WCDMA system capacity. The parameter 
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 denotes the ratio between interference from other cell and that from own cell.
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 is the load factor for the jth UE and N is the number of UEs in the own cell. 
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is the received Ec/N0 of the jth UE and 
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is activity factor of the jth UE.
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                 (b)
Equation (b) means that the uplink load factor can be calculated by the sum of the load factor of each UE. Therefore, the uplink load factor 
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 can be divided into two part: the load factor of legacy traffic 
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 and the load factor of SDT traffic 
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. And for simplicity of analysis, it is assumed that the load factor of each SDT UE in the same coverage class is the same. The Equation (2) can be further extended for SDT analysis.
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                  (d)
Based on the above analysis methodology, the maximum number 
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of SDT devices can be evaluated for the current UMTS system. The interference ratio 
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 is set to the typical value of 0.65, and the Ec/N0 is obtained from link level evaluations under different assumptions [y]. Regarding the activity factor 
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, it is calculated as Equation (e) by dividing the actual packet transmission time over the time interval of two consecutive burst packets, which is illustrated in Figure xx. When a burst packet is transmitted, 
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can be calculated as:
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Figure xx: Activity Factor
6.2.1.2.2 Analysis results

Based on target scenarios agreed in RAN1#78bis, the typical burst packet size is 100 bytes and the typical TB size on physical layer is assumed to be 120 bits for SDT. Therefore, a burst packet would be divided in to about 9 transport blocks on physical layer, considering the overhead of upper layers. 

Table 1 shows the results on the number of SDT UEs supported under an extremely loaded scenario, which has total RoT of 10dB. 10dB of RoT corresponds to the total uplink load factor (
[image: image19.wmf]_

ULtotal

h

) of 90%. When introducing the SDT traffic in the WCDMA system, the capacity of the legacy traffic should not be impacted significantly. The typical system for the legacy traffic usually assumes the RoT of 6dB, which corresponds to a load factor of 0.75. Considering this, the load factor occupied by the legacy traffic should be around or a little less than 0.75. In the Table 1, we provide the analysis for the cases with the 0.65 and 0.75 load factor for the legacy traffic.
Table 1: Evaluation on the maximum number of SDT UEs supported with the total RoT of 10dB (without considering RACH consumption in the total RoT)*
	Load Factor of SDT
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	Load Factor of legacy UEs
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	Interference Ratio
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	Repetition Number
	Rx Ec/N0 (dB)
	Activity Factor


[image: image23.wmf]v


	Number of UEs supported
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	Homes within a cell
	UEs within a home

	0.25
	0.65
	0.65
	no repeat
	-22.8
	0.0015
	19247
	6017[z]
	3.20

	
	
	
	2
	-25.2
	0.003
	16723
	
	2.78

	
	
	
	4
	-26
	0.006
	10053
	
	1.67

	0.15
	0.75
	
	no repeat
	-22.8
	0.0015
	11548
	
	1.92

	
	
	
	2
	-25.2
	0.003
	10034
	
	1.67

	
	
	
	4
	-26
	0.006
	6032
	
	1.00


*  the total RoTs reponds egacy traffic cases with0.75 load factor for the  less than 0.75. 



































*Only E-DCH traffic is counted in the calculation and the RoT contribution caused by RACH access from SDT devices is not counted. Hence the number of the supported SDT devices in the table is the upper bound of the realistic number, which should be scaled by a factor depending on the ratio between the load factor consumed by the SDT E-DCH traffic and that totally consumed by SDT E-DCH and SDT RACH. 
It should be also noted that in Table 1, only E-DCH traffic is counted in the calculation and the RoT contribution caused by RACH access from SDT devices is not counted. Hence the number of the supported SDT devices in Table 1 is the upper bound of the realistic number, which should be scaled by a factor depending on the ratio between the load factor consumed by the SDT E-DCH traffic and that totally consumed by SDT E-DCH and SDT RACH. From Table 1, it is observed that when the load factor of legacy traffic is 0.75, the upper bound of the maximum UE number per home is only 1 ~ 1.92. The realistic number will be much smaller because the scaling is needed further when the SDT RACH is considered and also the repetition could be more than 4 in extreme coverage area.
6.2.2 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 yy.
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. In the scenario with massive small data transmission UEs, the uplink interference contribution due to control channels could be reduced a lot in the total RoT budget, which could improve the uplink capacity to increase the supported UEs in a cell.
As an initial consideration, two potential methods are introduced and discussed as following.
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Figure yy Information structure for E-DPCCH
Solution 1: Reduced control information field conveyed on DPCCH
The first consideration for signalling optimization is shown in Figure zz, 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. Base on the above analysis, the control information for small data transmission could be reduced to the E-TFCI field only. 

Hence it’s feasible to remove E-DPCCH totally and just convey the reduced E-TFCI filed on other channels. As shown in Figure zz, one straight forward way is 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 for the scenarios of massive UEs with small data transmission.
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     Figure zz 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.
[------------------------------------------------------------- TEXT END --------------------------------------------------------------]
3. Conclusion
It is proposed to agree on the text proposal on RAN1 signalling optimization and potential solutions for small data transmission as presented in this contribution for inclusion in the TR 25.705.
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