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1. Introduction

Minimum Logged MDT UE memory size is tentatively agreed as 32KB [1]. In this paper we discuss the amount of logs that can be supported in such limited memory space, with particular considerations of user mobility behaviors reported from some independent studies. We further discuss the possibilities and benefits of having multiple MDT memory size capabilities according to UE memory offerings. We propose to define multiple MDT memory size capabilities according to UE memory offerings, and make such capabilities known to the network so that the network can select the right terminals for specific MDT measurements.
2. Discussion
In meeting 71-bis, the minimum Logged MDT UE memory size was tentatively agreed for 32KB. However, there have been a number of contributions [2]-[4] presented in last meetings discussing how much data can be fit into such memory space. In [3], it is estimated that 32KB can fit up to roughly 30 minutes worth of logs, with 2-second logging frequency and some neighbor information (Serving + 2 Inter Freq  Neigh +  2 Intra Freq Neigh + GNSS Loc Info). In [2], it has been indicated that, to support logging interval of 1.28 s for 1 hour where the inclusion of  E-CGI, time stamp and location info are optimized, 72 kB of memory is necessary. Moreover, for more comprehensive logging of neighbor information, 512KB memory size is suggested in [2]. 

Observation 1: 32KB MDT memory can only fit up to roughly 30 minutes worth of logs, with moderate 2-second logging frequency and limited neighbor information. For higher logging frequency or more neighbor information, 32KB will be insufficient.
On the other hand, in several independent studies based on real user data [5]-[7], it has been indicated that the mobility levels of cellular data users are actually very low. In [5], among 10,000 users with 480,000 packet data calls made in one week, 55% of the users make their data calls always at the same location. In [6][7], mobile data network users exhibit daily mobility patterns depends on their routine schedules, e.g. going to office and stay for a few hours until going for lunch or other appointments. We note that, the observations made by these studies about user mobility have some important implications to MDT memory size considerations. That is, ideally we would like logged MDT UEs to collect measurements of different cells as they move around the network as opposed to collect measurements from the same cells again and again while they don’t move. While we cannot 100% predict when will users start moving after configuring the UEs for logged MDT tasks, providing limited MDT memory space for only about 30-minute worth of logs and hoping some meaningful data will be recorded in the 30-minute period does not seem to be a realistic expectation based on real user behaviors reported in [5]-[7].

Observation 2: The 30-minute worth of logs limited by 32KB MDT memory may not give us much meaningful log data, considering the average low mobility levels observed from real users’ behavior.

Nonetheless, it is understandable that we should be cautious in utilizing UE memory since some types of UE designs have limited memory. On the other hand, it should be noted that, certain types of UE do have more generous memory offering, especially like USB dongles that can take advantage of the large pool of memory at the host to store the logs. In addition, USB dongles are expected be the dominant type of devices at the network initial deployment phases, in which in-depth MDT logs are very much needed. Therefore, we should take full advantage of those devices to extend the logging duration as much as possible, so that we can maximize the chances to collect as much meaningful MDT logs as possible, especially during UE mobility.

Observation 3: Different types of UEs have different memory offerings. We should take full advantage of devices with generous memory offerings to collect as much MDT logs as possible.

Based on the observations we made above, we believe it is necessary to define multiple UE memory size capabilities for logged MDT in order to provide multiple levels of coverage for logged MDT. In particular, we propose to define different memory size capabilities according to UE memory offerings, and make such capabilities known to the network so that the network can select the right terminals for specific MDT measurements. 
For example, in Table 1, [four] levels of UE memory capabilities are defined:
Table 1. Proposed UE memory capabilities

	MDT memory size (KB)
	Estimated logging duration (minutes)
	# of RRC messages for retrieval

	32
	30
	4

	64
	60
	8

	128
	120
	16

	256
	240
	32


We can see that, with different levels of UE memory capabilities, the network has pools of MDT devices that cover estimated logging duration from 30 mins to 240 mins (4 hours). As a result, when the network desires to have in-depth Logged MDT tasks with hours of logs, the network can select UEs with large memory capability for such tasks. On the other hand, the network can opt for recruiting more UEs in the network for more comprehensive logging coverage but with expectations that some of the logs can only record relatively shorter durations.
We note that, one of the costs of having larger MDT UE memory size is more number of RRC messages needed for retrieval. Therefore, in Table 1, we also list the number of RRC messages needed for retrieval for the different levels of UE memory capabilities. We can see that, even with 256KB memory, it takes about 32 RRC messages, and can be reasonably expected to complete in tens of seconds with mobility as worst case [8].
Proposal 1: We propose to define multiple MDT memory size capabilities according to UE memory offerings, and make such capabilities known to the network so that the network can select the right terminals for specific MDT measurements.

3. Conclusion
In this paper, we discuss the motivations and benefits of having different MDT memory size capabilities according to UE memory offerings. We request RAN2 to discuss and consider the following proposal.

Proposal 1: We propose to define multiple MDT memory size capabilities according to UE memory offerings, and make such capabilities known to the network so that the network can select the right terminals for specific MDT measurements.
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