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Discussion and decision

1. Introduction
In the last RAN2#73bis meeting it was agreed to start the activity on the ‘Diverse Data Application’ WI from the definition of the metrics, traffic and mobility models for the evaluation of the current network performance and the possible enhancements.
This paper provides some preliminary suggestions on the framework for evaluation, including:
· Traffic model
· Mobility model

· Metrics
· Evaluation methodology
2. Model
2.1. Traffic model
Basically there are 2 ways to construct a traffic model:
Option 1a: Mixed realistic application model
This approach tries to introduce all typical applications which have relatively high penetration in the market and mix them with a proper ratio. With this method, we can obtain the most realistic and accurate evaluations. 
But considering that there are many kinds of applications and the penetration situations of these applications may have large differences in different countries, a lot of discussions are probably needed to get an agreement on this model, which may slow down the evaluation phase. 
Option 1b: Single realistic application model

In order to speed up the evaluation work, a simple method is to choose a single application as the traffic model to evaluate RAN problems. For example, in order to estimate the signaling overhead level caused by bursty small data applications, some chatting application, e.g. MSN or QQ, could be chosen to perform the evaluation.

The advantage of this method is that it may be easier to find out potential problems (than using Option 1a), but the drawback is this may lead to an overestimation of the problem.
Option 2a: Mixed simplified traffic model
The data model of realistic applications may have relatively complicated data profiles, e.g. the data profile of QQ service include not only the chatting message but also the keep-alive signal and advertisements pushing, which will bring additional complexity to the evaluation work.
A reasonable way forward is to simplify the data profiles of the applications and only pick up the main data characteristics to construct the traffic models of all the most relevant applications.
For example, considering the applications discussed so far - e.g. Web browsing, Email, Weather/News updates, VoIP, Social Networking (Facebook), Geo services (Google places/location-targeted ads), Online games, Messaging (SMS and instant messaging), DL video stream, video telephony, P2P file sharing - it could be concluded that these applications can be classified in 3 different basic traffic models:
· Periodic transmission of small amounts of data, e.g. VoIP, Online games, keep-alive message of chatting services and Social Networking, etc. The model can be defined by 3 factors: the distribution of the connection requests (i.e. the distribution of application usage), the packet size and the packet arrival frequency.
· Bursty (aperiodic) transmission of medium/large amounts of data (e.g. Email, Web browsing). The model can be defined by 3 factors: the distribution of the connection requests, the packet size distribution and the packet arrival distribution.
· Bursty (aperiodic) transmission of small amounts of data (e.g. online chat, instant messaging). It can be defined by 3 factors: the distribution of the connection requests, the packet size and the packet arrival distribution.
To simulate the effect of different applications, the above 3 basic traffic models can be mixed with an appropriate ratio. Although this is not as accurate as option 1a, it’s easy to apply and it can help to get a qualitative evaluation and to quickly identify the problems. Note that the penetration differences of above traffic models in different countries should be carefully considered when deciding the traffic mix, since unsuitable traffic ratios may mislead the judgement. 
Option 2b: Single simplified traffic model
Similarly to option 1a, it may not be easy to get an agreement on the mix of the different traffic models. We could then choose to first evaluate a single traffic model to quickly identify the problem. Again, the possible drawback is that this could probably lead to over-estimation or under-estimation, depending on the assumption for the single model. 
Based on the above quick analysis, if RAN2 aims at an accurate and overall evaluation of all the aspects, as close to reality as possible, it’s suggested to choose either option 1a or 2a (where option 2 is a simplified version of option 1). The remaining point for discussion is on which types of realistic/simplified traffic models should be introduced and on the suitable traffic mix. Considering the traffic differences in different areas, maybe more than one traffic mix case could be evaluated, to get the corresponding evaluation for the different areas. 
Proposal 1: RAN2 should discuss and decide which of the high level options (1a, 1b, 2a or 2b) to use to define the traffic model. 
Proposal 2: If a mixed traffic model is agreed, RAN2 should decide the types of traffic and the traffic mix considering the different penetration in different areas.
2.2. Mobility model

The traditional evaluation method for mobility is to try to simulate a realistic scenario of UE mobility. In other words, there is a need to define a model for UE location distribution, moving speed and direction. Besides, to define the HO area and HO thresholds, periodic DL measurements should be considered.

This method is commonly used to evaluate HO access probability in multi-cell scenario, but it’s probably a bit too complicated and unnecessary for Diverse Data Application evaluation.
One of the main purposes of introducing a mobility model in Diverse Data Application evaluation is probably to simulate the impacts to signalling overhead due to the HO procedure. In this case there seems to be no need to fully simulate the UE mobility.
A feasible simplified method seems to be the following:
For the UEs whose DL measurement is lower than a certain threshold (referring to the cell-model of section 4), a HO probability in a certain period can be considered, which means that in such a period a RRC-Connected UE has a pre-defined probability to complete a HO procedure. But then we could further assume that the UEs who experienced the HO procedure don’t really leave the cell, i.e. the UEs still stay in the same cell and continue their data transmission. With this method, the signalling overhead due to HO could be evaluated, without leading to any additional complexity.
Proposal 3: It’s proposed to use the above simplified mobility model in the evaluation.
3. Metrics
The objectives of the WI are to provide enhanced performance of network efficiency, signaling overhead and UE battery life when providing always-on user experiences. The following metrics could then be considered:
· CDF and time-domain plot (*) of UL/DL System/UE data throughput, or system/UE spectrum efficiency
· CDF and time-domain plot (*) of UL/DL system/UE signaling overhead: including the signalling throughput and Radio resources usage (PRBs usage) for signaling
· CDF and time-domain plot (*) of PDCCH usage: the total PDCCH resource usage, including DL assignments and UL grants. The pure TPC commands (DCI formant 3/3A) could be neglected.
· PUCCH usage: the total PDCCH resource usage, including SR, SRS, CQI/PMI/RI and ACK/NAK resource configuration (mainly configured semi-statically) 
· CDF and time-domain plot (*) of PUSCH/PDSCH usage: the total PUSCH/PDSCH resource usage, including data and signaling transmission usage, except for the common logical channel (BCCH, PCCH, RACH).
· CDF and time-domain plot (*) of UE power consumption: separate statistics for the UE power consumptions when in active time, based on the time spent by the UE reading PDCCH/BCH/PCH, and the time to perform measurements. 
· CDF of Delay of data transmission: time elapsed from initial packet transmission to packet reception.
· Average UE capacity: to evaluate the number of UEs that can be supported, providing always-on user experience, with current/improved mechanism.
(*) time domain plots could be used to find out whether there are performance changes (e.g. peaks or valleys) in the time domain. 
Proposal 4: to perform a complete evaluation of all the aspects it’s proposed to consider all the above metrics.
4. Evaluation methodology
This section suggests a methodology for the overall evaluation.
Since the evaluation possibly needs to consider the throughput, the network efficiency, etc. the most accurate method is to rely on the PHY system evaluation method (see TR36.814), i.e. with cluster-cell model, radio channel, channel estimation, SNR calculation, power control and inter-cell interference model, etc.
Alt 1: Based on the PHY system evaluation method [1], which is the most accurate way.

Alt 1 is the most complicated, needs more time to run simulations, and risks to slow down the evaluation process. A simplified approach, which could speed up the evaluation and not lose too much evaluation accuracy, is to use a single cell model. Although the inter-cell interference is not as accurate as in Alt 1, it is still possible to estimate it. In this way the simulation time can be greatly saved.
Alt 2: Single cell model based on Alt 1.
Although Alt 2 leads to some simplification, this could still be too complex for this kind of high layer system evaluation. For the WI activity it could be enough to qualitatively identify the potential problems, and provide some estimation on the benefits of the possible optimizations. For this purpose further simplifications could be introduced based on Alt 2.
Similarly to the assumptions for RACH overload evaluation for MTC devices [2], a certain HARQ retransmission probability could be introduced to simulate the effects of path loss, radio channel, inter-cell interference, etc. This means no need to simulate UE location distribution, antenna model, radio channel, channel estimation, SNR calculation, power control and inter-cell interference model, etc. and could then greatly simplify the evaluation and help RAN2 to speed up the evaluation work.
Alt 3: Single cell model, further simplifications are introduced.
Detailed assumptions for Alt 3 are listed below:
	Basic assumptions

	
	

	Cell model
	Single cell: no cell radius;
1 sector

	UE location distribution
	No

	SNR model
	Assuming the SNR of UEs uniformly distribute from [-18dB, 18dB], according to which UEs can simulate the HO procedure.

	Path Loss model
	No

	Inter-cell interference model
	no

	Power control
	no

	Channel model
	no

	Antenna model
	no

	BS/UE TX maximum power
	no

	HARQ
	Assuming HARQ retransmission probability: 10% (to simulate the effects of radio channel and interference of intra-cell and inter-cell).

Maximum number of HARQ TX: 4

	BW
	5MHz, 10MHz (both UL and DL)

	PDCCH configuration
	16CCEs for 5MHz, 32CCEs for 10MHz. 4CCEs for each PDCCH order

	PUCCH configuration
	2PRBs for 5MHz, 4PRBs for 10MHz

	SR configuration
	SR periodicity: 10ms

	SRS
	no

	PRACH Configuration Index
	6

	Assumptions of RAN procedures

	Random Access model
	Access success probability: 100%

Time delay of preamble detection: 20ms 

(assuming average preamble retransmissions are 2)

	PHR, BSR, TA
	No, assuming the overhead of these MAC CE had no big impact

	SPS
	Default for VoIP, not to be used for other traffic types

	DRX
	No short DRX cycle: assuming UE only achieve long DRX cycle.
Ideal DRX cycle configuration: 
Assuming the DRX cycle and timers can perfectly fit the packet arrival model, e.g. if the average packet arrival interval is 160ms, the long DRX cycle could be configured to sf160.

	RRC procedures
	· RRC connection establishment,
· RRC connection reconfiguration,
· RRC connection reject,
· RRC connection release,
· Initial security activation.
The above signaling overhead should be evaluated.

	Handover procedures
	HO probability = 50% per call: for the UEs whose SNR is in the range [-10dB, -18dB], other UEs doesn’t perform HO procedure.


Table 1: Evaluation assumptions
Proposal 5: RAN2 should discuss the basic evaluation methodology and it’s suggested to adopt Alt3. If agreed, it’s proposed to carry out the evaluation work based on the assumptions in Table 1.
5. Conclusion
A framework for evaluation for the Diverse Data Application Work Item has been presented, including a traffic model, a mobility model, an evaluation methodology and some metrics.

RAN2 is invited to discuss whether the evaluation could be based on the above mentioned proposals.
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