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1 Introduction

In the last RAN2 #75bis meeting, we envisioned that the DL signaling capacity can be a limiting factor when delivering small data packet services for large number of users, and this problem can become more serious under LTE-A CA, MU-MIMO and M2M scenarios [1]. 
In this contribution, we will carry out an initial analysis on the problem of DL control channel resource limitation and draw some concerns for further study.
2 Discussion
According to [2], only dynamic scheduling can be applied for IM and gaming services. Due to small amount of data transmission, there would be large scheduling overhead and thus affect network efficiency and user experience. In the following, we intend to estimate the downlink capacity for different services under the limitation of downlink scheduling information and transmission resources (i.e., PDSCH), respectively. 
The typical traffic characteristics of IM, Gaming and VoIP are collected in Table 1, where the values are estimated and picked from [3]. 

Table 1 Traffic characteristics of IM, Gaming and VoIP 
	Traffic Type
	Mean Packet Interval (ms)
	Mean Packet Size (bit)

	Gaming(Dirt 2)
	90 
	400

	IM
	400
	800

	VoIP (active)
	20
	320


Assuming a 5MHz downlink system, at most 6 PDCCHs in average can be allocated within one subframe. Considering dynamic scheduling and symmetric DL/UL PDCCH consumption, the number of PDCCHs available for DL scheduling per subframe is assumed to be 3. Furthermore, we consider idealized scenario, i.e., each UE has fixed packet interval and packet size, and all UEs being scheduled arrive to the system one-by-one. Thereafter, we can coarsely estimate the maximum number of users can be schedulable due to the PDCCH resource limitation, according to the following formula:
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where NumberofUEsPerSubframe denotes the number of UEs schedulable within one 1ms DL subframe and PacketInterval indicates the number of subframes that can be utilized before the arrival of the next packet of the UEs scheduled in the current subframe. 

For 5MHz bandwidth, there are 25 RBs per subframe. Each RB is supposed to contain 120 REs for PDSCH with the assumption of 2 antenna ports. To simplify analysis, we assume that all RBs are in the same modulation and coding format, i.e., QPSK and 2/3 code rate. Then, we can coarsely estimate the maximum number of UEs considering only the limitation of PDSCH resources with the following formula:
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where NumberofRBperSubframe equals to 25 and NumberofBitsPerRB equals to 160. 

Table 2 Capacity estimation according to PDCCH and PDSCH restriction
	Traffic Type
	PDCCH capacity

(No. of users)
	PDSCH capacity

(No. of users)

	Gaming
	270
	720

	IM
	1200
	2000

	VoIP
	60
	480 (50% active)


Through the results obtained from Table 2, we can have the following observation:

Observation: For Gaming and IM services, the restriction from DL control signalling doesn’t appear as serious as the case of VoIP due to lower packet frequency and larger packet size. But apparently the PDCCH restriction still poses sever limitation to the affordable system capacity with PDSCH. 
It should be noted that the evaluation here is conducted through idealized conditions that take little considerations on the other factors, e.g., packet latency and jitter, which also severely affect user experience. Thus, we propose that this DL signalling restriction problem for small data packet services, e.g., Gaming and IM, should be further examined and verified in future studies through more practical simulation setup and traffic modelling.  
3 Conclusion

This contribution presents an initial analysis for the DL scheduling capacity/efficiency problem for prevalent small data packet services, i.e., IM and Gaming. Through the preliminary evaluation, we observe that:

For Gaming and IM services, the restriction from DL control signalling doesn’t appear as serious as the case of VoIP due to lower packet frequency and larger packet size. But apparently the PDCCH restriction still poses sever limitation to the affordable system capacity with PDSCH.
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