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1 Introduction
The study item “Study on RAN aspects of Machine-Type and other mobile data applications communications enhancements” has been approved for Rel-12 [1]. The purpose of the study item is to identify and evaluate radio access network mechanisms to handle “small data” traffic generated by both machine-type and non-machine-type devices and applications. SA2 is working on a feature level WI “Machine-Type and other mobile data applications Communications Enhancements” [2] and some potential radio access network impact, especially from building block WIs “Small Data and Device Triggering Enhancements (SDDTE)” [3] and “UE Power Consumptions Optimizations (UEPCOP)” [4], has been identified due to some of the solutions proposed in [2]. Hence, the RAN2 study item is also expected to investigate and evaluate SA2 solutions, which have an impact on the radio access network, to address the objectives outlined in the SDDTE and UEPCOP building block WIs.
In this contribution we focus on the SA2 solutions within the context of “UE Power Consumptions Optimizations (UEPCOP)” building block WI in which enhancements are investigated to lower UE power consumption. A promising way to do so is to extend the DRX cycles, the longer the DRX cycles are, the less the UE power consumption will be [5]. This contribution discusses and compares alternative ways of extending DRX cycles beyond the current SFN period of 10.24s.
2 Background
The largest possible value that a DRX cycle length can currently be configured to is 2.56 s and 5.12 s for LTE and HSPA, respectively. The SFN range currently covers 1024 radio frames in LTE (10.24 s) or 4096 radio frames in HSPA (40.96 s) and the DRX cycle length could, in principle, be configured up to such values with no impact on the SFN mechanism. Extending the DRX cycles beyond these limits would be of interest to obtain longer battery life for MTC devices. This would, however, result in SFN wraparound while the UE is sleeping. For such an extended DRX UE, the paging occasions could not be directly mapped to the SFN as it is done currently. Therefore, there is a need to either expand the SFN range in some way or change the current paging occasion algorithm in order to have extended DRX cycles.
3 Solutions
This section provides an overview of a set of possible solutions for extending the DRX cycles beyond the current SFN range and an analysis in terms of advantages and drawbacks for each of them.
3.1 Additional bits to extend SFN range 
A UE needs 10 bits to determine the SFN, 8 of which are broadcasted in the MIB. The MIB is broadcasted every 40ms during which the same information is repeated 4 times, i.e. every 10ms. Therefore the last 2 bits, which provides the SFN within this 40ms period, cannot be included in the MIB but are retrieved by the UE instead implicitly from the different scrambling codes used for the 4 different copies of the MIB. A straight forward solution to allow extended DRX cycles is simply to add more bits of SFN information. The maximum possible DRX cycle length will be doubled per added bit, as shown in Table 1. These additional bits would only be read by UEs configured with DRX cycles longer than the current SFN range and ignored by legacy UEs. 
Extending the SFN range by additional bits and introducing an SFN cycle index [6, 7] have been discussed as separate solutions previously in some contributions such as [8]. In principle they are, however, the same solution; extending the SFN range with 2 bits directly translates to SFN cycle indices 1-4 (or 0-3) and vice versa. Differences are only relevant for details such as the equation used for calculating the paging frame and even then it is straight forward to mathematically map one to the other. Therefore, we consider these solutions to be the same as far as the discussion in this contribution is concerned. 
There are some differences as to where these additional bits can be provided, and below some alternatives are considered [9]
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3.1.1 Additional bits in MIB

Having the additional bits in MIB is perhaps the most natural option since the MIB is currently what UEs read to obtain the SFN [11]. There are only 10 spare bits in the MIB and using these spare bits should be justified when complexity of the alternative solutions are considered. The less spare bits are used the less the gains in terms of battery life will be. In [5], it was shown using the modelled power consumption with extended DRX cycles that, the DRX cycle length should be increased by at least a factor of 10, or more than 3 bits, to obtain significant gains, especially for traffic with long inter-arrival-times.
Pros:

· Extended DRX functionality remains very much the same as for current SFN mechanism.
Cons:

· The spare bits in the current MIB have to be used to extend the SFN range.
Observation 1 If spare bits in MIB are used to extend the SFN range, at least 4 bits out of 10 are needed to obtain substantial gains in term of batter life.
Alternatively, the added bits could be included in MIB on a periodical basis. That is, if the spare bits in MIB are reserved for the purpose of extending the SFN range only when, i.e. SFN=0, it would be possible to keep these 10 bits as spare bits for the rest of the SFN frames, i.e. 1024 - 1 = 1023. The drawback would be that a UE which has lost track of the SFN period index (i.e. information provided by the additional SFN bits) would have to wait until the next occasion when SFN=0. That would mean a waiting time of at most 10 s, which would probably not be a problem for delay tolerant MTC devices. If the UE wakes up to read MIB in order to obtain the extended SFN and has to wait until the next occasion when SFN=0, it can simply estimate how long it would take till then using the current SFN and can go back to sleep further to save power.
3.1.2 Additional bits in SIB

An alternative to the solution described above is to have the additional bits for extending SFN in a SIB where the number of bits is not limited (e.g. [10]). Either SIB1, which is always read first and contains scheduling information for the other SIBs, or SIB2, which contains the paging information, would be natural choices of where to accommodate the additional bits [11]. The drawback is that SIB1 would have to be read which would require additional power consumption. (If the additional SFN bits are put in SIB2 or some other SIB, SIB1 would still have to be read first to know when and how this other SIB is transmitted). This drawback is very dependent on how often the SIB would have to be read, i.e. at every wake-up or only at re-calibration of the internal clock. The worst case scenario would be that SIB1 would have to be read once every DRX cycle and with a reading time of 80ms, assuming bad radio conditions (plus a 10ms sync time). Using a simple power consumption model, the battery life is plotted against the DRX cycle length in Figure 1 for this worst case scenario. In the model it is assumed that SIB1 has to be read only for DRX cycles longer than 10.24s which causes a sharp step up in the curve. Not surprisingly, the battery life is equal to that of a fixed sync time of 10ms before this point and afterwards it is very close to that of a 100ms fixed sync time. Note that this is, however, a worst case scenario and that UEs hopefully would not have to read SIB that often or even if they do, they do not need to be active for the entire SIB period.
[image: image1.png]Battery Life (Months)

150

——00
——01

—— Sync+SiB1read -

100

0 50 100

150 200 250 300 380

DRX cycle length (s)

400




Figure 1 Battery life when SIB1 always has to be read prior to DRX wake-up (red curve). The battery life is also shown for fixed sync and preparation times (dashed curves).
Pros:

· Extended DRX functionality remains close to the same as for current SFN mechanism.
· No direct limitation on SFN extension and DRX cycle length. 

Cons:

· Time required to read (at least) SIB1 and thus the additional power consumption.
3.1.3 Additional bits in new MIB
A third alternative would be not to have the additional SFN bits in the existing MIB or any of the existing SIBs but to introduce a new MIB solely for this purpose. UEs would then read the legacy MIB to obtain SFN on a short time scale and read the new MIB on a long time scale read to obtain the index for the SFN period. The new MIB would then have to be transmitted periodically, i.e. only once every 1024 radio frames. Further, the new MIB should preferably be fitted in a 1ms sub-frame to minimize the power consumption. An obvious drawback of this solution may be the added effort of introducing something completely new but an advantage is that the feature can be decoupled from everything else and that only UEs which are configured with extending DRX cycles beyond the SFN range will read this new MIB. 
Pros:

· Extended DRX functionality isolated to this new MIB.

· New MIB could be customized for MTC: e.g. short reading time and only every 1024 radio frame.
Cons:

· More effort is required compared to adding bits to existing SIB/MIB.
· UEs would have to read also the legacy MIB in order to get the extended SFN.

3.1.4 All bits in new MIB
As a variation of the last alternative, all bits could be included in a new MIB such that a UE with extended DRX could obtain the complete SFN only by reading this new MIB. Among this group of SFN-bit based solutions this would give the shortest reading time to obtain the extended SFN. That is, the other solutions in this category rely on reading at least the normal MIB, possibly also SIB to obtain the additional bits. This would give a reading time of more than 10ms compared to the new MIB which could potentially fit in a single 1ms sub-frame, which corresponds to significant power consumption gains.
 A drawback of this solution is naturally that a new MIB, containing all SFN bits, would have to be transmitted every 10ms and would therefore be resource consuming and cause more signalling overhead in comparison to the above solution, carrying only the additional SFN bits. Secondly, there will be double broadcasting of the legacy SFN bits, which would also add to the signalling overhead.
Pros:

· Extended DRX functionality isolated to this new MIB.

· Gives complete extended-SFN information with shortest possible reading time.
Cons:

· More resource consuming in terms of broadcasting load and frequency.
· Larger signalling overhead (i.e. double broadcast of legacy bits).
3.2 SFN + UTC/GPS time
An alternative way to expand the SFN range is to introduce a common time reference in the network and the UE. The most promising solution so far is to use the Coordinated Universal Time (UTC) or GPS time, available in SIB16, for this purpose [12]
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The UTC/GPS time would in general be used by the UE to keep track of time on a high (coarse) scale while SFN can be used on a fine scale. The UE would therefore only be required to keep track of UTC with an accuracy of ±5s and it is reasonable to assume that SIB16 would only need to be read rarely for re-calibration. A common advantage of UTC-based solutions, in comparison to the ‘additional bits’-solutions given above, is therefore that the active time spent reading MIB/SIBs is minimized. As shown in Figure 1, this is very beneficial for UE battery life.

3.2.1 Relative time determined DRX
A first option would be to use the UTC/GPS time to assign SFN cycles that are apart than the current range. The relative UTC time to determine how long a UE with extended DRX should sleep can be calculated so that the UE wakes up at the right SFN cycle. In this SFN cycle, the legacy algorithm to calculate the paging frame (PF) and the paging occasion (PO) would be used. (A possible implementation would be to directly map UTC time to the SFN cycle index to keep track of the paging SFN cycles of a UE). If the paging frames are to have a constant separation it would, reusing the current paging algorithm, mean that a UE would have one paging frame per SFN period and that the extended DRX cycles would be multiples of the SFN period, i.e. 10.24 s, 20.48 s, 30.72 s and so on.
For a UE with extended DRX cycles, two values would then have to be specified in order to determine the DRX cycle length: The relative sleeping time (UTC) and the regular DRX interval (units of SFN). The former could be specified in RRC or higher layer signalling during the attach procedure or at connection setup due to uplink traffic including tracking area update or could come from subscriber information. (A common reference time for the UE and network sides would also have to be defined for the relative sleeping time. This could simply be the point of time at which the UE goes in to sleeping mode).
Pros:

· Minimal amount of time spent on reading MIB/SIB in order to obtain SFN (SIB16 must be read occasionally for re-calibration however).
· No impact on legacy operation and the UEs.

Cons:

· Need to introduce and communicate new relative DRX sleeping time.
3.2.2 Extended SFN range based on UTC periodicity 
An alternative way to make use of the UTC time to extend DRX cycles beyond the SFN range is to introduce a new extended SFN range based on UTC. That is, the resolution of the UTC time information is 10ms and therefore the UTC can be mapped to radio frames. Further, if one makes use of any of the natural periodicities in the time format (minutes, hours, days) the need for an absolute time reference is removed. For example, using an hour, which is equal to 3.6x106 radio frames, as time period, SFN=0 would be clearly defined at every full hour. Further, a DRX cycle length could be defined to be any SFN within this range (similar to current operation), e.g. 1.8x106 radio frames (=30min), 180x103 radio frames (=3min), etc. This is equal to replacing the 1024 SFN periodicity with a 360000 SFN periodicity for UEs with extended DRX. A similar algorithm to the one used today could be adopted to calculate the paging frame and the occasion.
UEs with extended DRX would then use only this new extended UTC SFN range, reading SIB16 to obtain the UTC time (or just recalibrating the internal clock) and from that deriving the extended SFN. Legacy UEs would remain unaffected and would still use the normal SFN provided in the MIB.  

This would require consistent eNB/UE time information within the cell so that the UE does not wake up at the wrong SFN. If waking up occasions are defined by UTC periodicity and the UE can re-use SIB16 UTC from other cells (RAN global SIB 16 UTC time) then SIB 16 UTC need to be synchronized and phase locked with SFN in all cells within fraction of milliseconds. However, the UE could instead re-read the local SIB 16 UTC time which would then require SIB 16 UTC and SFN only to be locally synchronized. Note that the local SIB16 UTC time still needs to be phase locked with the local SFN within fraction of milliseconds in that case.
Pros:

· Minimal amount of time spent on reading MIB/SIB in order to obtain SFN (SIB16 must be read occasionally for re-calibration however).
· Common time reference point occurring naturally.

· No impact on legacy operation and the UEs.

Cons:

· Need to synchronize chip rate to UTC/GPS time.
3.3 Time reference bit in MIB

In this solution “x” out of 10 spare bits in MIB would be used as a ‘time reference bit’. If x=1, this bit will be set to ‘0’ all the time except at a predetermined interval, typically a multiple of SFN periods. If, for example, the maximal DRX cycle length is four SFN periods, the ‘time reference bit’ in MIB would be set to ‘1’ for  the first SFN period and to ‘0’ for the other three, thus allowing UEs to have DRX cycles of up to four SFN periods long.

How often a UE reads the MIB is, however, a matter of UE implementation. With this solution the UE could possibly need to read MIB slightly more often obtain the ‘time reference bit’.

This solution can be considered as an alternative version of having indices for the SFN periods; a trade-off in the reduction of the number of broadcasted index bits for a longer time required for the UE to get in sync and obtain the extended SFN. The additional time required to get in sync can be considered as a drawback; a UE entering a cell would have to stay in active mode to read the MIB until the ‘time reference bit’ is found which could also mean additional power consumption. At power-on this would not be a problem since the number of SFN periods left until the next occasion the reference bit is set, could be piggy-backed to other information communicated to the UE from the network at setup. At hand-over, this information could, in the same way, instead be piggy-backed to a reply from the target cell. At cell-reselection there would be no way to avoid waiting for the time reference bit. Since the time reference bit is the same for an entire SFN period, it would however be sufficient for the UE to only read the MIB once per SFN period, effectively switching to a shorter DRX interval until the time stamp is found and hence there would only be a minor impact on battery consumption in rare last case. 
Pros:

· Reduces time spent reading broadcasts, i.e. getting large gains out of extending DRX cycles.

· Extended DRX functionality remains very much the same as for current SFN mechanism.

· Saves spare MIB bits in comparison to solution 3.1.1.

Cons:

· Requires UE to stay in active mode for time equal to max DRX length at power on to get time reference.

· ‘Time reference bit’ periodicity may have to be hard coded.

4 Conclusion
This contribution discusses and compares alternative ways of extending DRX cycles beyond the current SFN period of 10.24s. Based on the discussion provided above, we propose the following:
Proposal 1 RAN2 to agree that it is feasible to extend the DRX cycles beyond 10.24sec from an SFN standpoint.
5 Tables

Table 1: Overview of amount of DRX length extension from the number of added SFN bits.

	Added SFN Bits:
	DRX Cycle Length:

	1
	20.48 s

	2
	40.96 s

	3
	81.92 s

	4
	2.73 min

	6
	10.92 min

	8
	43.69 min

	10
	2.91 h

	12
	11.65 h

	14
	1.94 days

	16
	7.77 days
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