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1
Introduction
In RAN#59 a new RAN2 SI on machine-type communications was approved [1]. One of the objectives is to investigate and evaluate the RAN-impacting solutions that have been proposed by SA2 SDDTE and UEPCOP two building blocks. In the UEPCOP block companies are encouraged to study trade-offs between overhead, efficiency and complexity and consider grouping SA2-solutions that behave similarly from RAN2 point of view.
In this contribution, we provide some analysis on the UEPCOP solutions included in [2] from RAN2 point of view. On RAN impact the analyses would be focusing on feasibility of the method and complexity analysis. 
2
Discussion
2.1 
UEPCOP Solutions 

SA2 requested RAN2 input on MTCe solutions in [2]. The solutions included in UEPCOP building block are listed as following:
1. Ch. 7.1.3.1 “Extended DRX in idle mode”;

2. Ch. 7.1.3.2 “Extending DRX using UE Assistance Information”;

3. Ch. 7.1.3.5 “Transmission delay until better coverage conditions”;

4. Ch. 7.1.3.6 “Long DRX cycles in connected mode”; and

5. Ch. 7.1.3.7 “Factors for determining extended DRX”.

From the above, it’s quite clear that most of the solutions so far are focused on extending DRX length and/or enhancing the DRX functionality. It was shown in [5] that there is always a trade-off between latency and UE power consumption, and this previous study should be taken into account.
Further, it can be said that there is also a trade-off between handover robustness and UE power saving (DRX length) – clearly the longer the UE does not perform measurements, the more likely that essential mobility criteria such as triggering of measurement event for handover purpose will be delayed resulting in out of service or handover failures. Hence, the benefit of any such extension should be verified taking into account not only improvement to power consumption but also its effect on mobility.
Proposal 1: Extension of DRX should have proven benefits outweighing any adverse impact to mobility performance, also taking into account the previous studies on EDDA.
2.2 
Connected mode DRX

In order to support frequent small data transmission, one solution proposed is to keep the UE in connected mode. This approach is supported by the current EUTRAN and UTRAN systems. 

Particularly in the current UMTS system, the approach has been for many years. In Rel-11 CELL_FACH state was enhanced to further support keeping UEs which are using frequent small data transmission in connected mode for longer periods of time. CELL_PCH is also an attractive existing option for UMTS. Therefore firstly we conclude that this is already supported in the existing UMTS system. In order to support less frequent transmission, and also to support efficient small data transmission, it could be considered to further extend DRX in CELL_PCH, URA_PCH, and CELL_FACH states which could also address the key issue of efficient small data transmission – this would remove the majority of RRC signalling required when there is data to transmit of receive, and since the UMTS system already supports direct data transmission/reception in PCH and FACH states it is already possible in the to support efficient small data transmission, with minimum signalling overhead, if the UE is kept in one of the semi-idle states for longer periods of time.

Proposal 2: UMTS system already sufficiently supports connected mode power saving (extension of DRX in power saving states could still be considered) while reducing signalling overhead and maintaining mobility robustness. 
The UMTS semi-idle states are specifically designed to keep the UE in connected mode for longer periods of time, while providing the following characteristics: 

· power saving due to long DRX

· signalling reduction due to moving quickly to states where fast data transfer is possible, and also supporting direct data transfer in these states

· mobility robustness due to idle mode like reselection instead of handover
Given the above characteristics, and the long experience in the field of operating using intermediate (between idle and connected) states, it would be rather obvious that such a solution should be considered also for the EUTRAN system in order to support the objectives of this study. This would provide a wrapper for all of the MTC related enhancements, enabling power saving, signalling reduction and mobility robustness, while isolating impact from the legacy system behaviour.
Proposal 3: EUTRAN system may benefit from introduction of power saving RRC state similar to UMTS semi-idle states and this should be considered as one of the potential solutions.
2.3 
Idle mode DRX

One of the potential RAN solutions would be to extend idle mode DRX. Similar to connected mode, although technically possible it needs to be ensured that any increase in DRX length does not impact the performance of the UE in case of mobility, and also it’s responsiveness to mobile terminated calls. 

The main use case appears to be UEs which are active very infrequently, and would need to be in connected mode only for short periods of time. It would seem that alternative solutions which could be considered are either 

- CN based – from RAN point of view the UE is “off” and there is no RAN impact.

- Semi-idle mode – again, the use of semi-idle mode with extremely long DRX may be a way to ensure efficient data transfer (because of signalling reduction for setup), addresses any security issues (because NAS security context is maintained), and clearly separates such UEs in the system from normal UEs. One could also consider 2 types of semi-idle mode as we have in today’s UMTS system. 

Proposal 4: Benefits of extension of DRX in Idle mode could be more effectively achieved by other means. 
2.4 
Other solutions

So far the only other solution impacting RAN is “transmission delay until better coverage conditions”. It’s not immediately clear what the benefit of such a scheme would be given that cells already broadcast a minimum quality level whichi implicitly delays transmission until good coverage is found, and the relatively short transmission expected would anyway use similar amount of power regardless of the coverage (as long as cell is suitable) as most of the power consumption would be related to other overheads such as signalling, measurements, and state changes. Introduction of timers simply adds uneccesary complexity to the system since there are already coverage based thresholds. 
Proposal 5: There’s no real benefit of the solution to delay transmission based on coverage compared to the existing system.

3
Conclusion
In this paper we have provided our technical analysis on the UEPCOP solutions included in SA2 LS [2]. We tried to give some example text proposal at the end of this paper. 
We have the following proposals:  
Proposal 1: Extension of DRX should have proven benefits outweighing any adverse impact to mobility performance, also taking into account the previous studies on EDDA.
Proposal 2: UMTS system already sufficiently supports connected mode power saving (extension of DRX in power saving states could still be considered) while reducing signalling overhead and maintaining mobility robustness. 

Proposal 3: EUTRAN system may benefit from introduction of power saving RRC state similar to UMTS semi-idle states and this should be considered as one of the potential solutions.
Proposal 4: Benefits of extension of DRX in Idle mode could be more effectively achieved by other means. 
Proposal 5: There’s no real benefit of the solution to delay transmission based on coverage compared to the existing system.

Finally, we would like to point out that all of the above solutions are RAN specific, and as such we should indicate to SA2 in order to avoid inefficient use of 3GPP resources in SA2. 
Proposal 6: Indicate in the reply to SA2 that these DRX based solutions are in the scope of RAN2 and that RAN2 will continue the evaluation of these.
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5
Example text proposal for 37.8xx

Here we make some example text proposal for the TR 37.8xx
***************** Start of changes **********************
x
Solutions for Power Consumption Optimisation
x.1
Idle Mode
Idle mode DRX extension, although technically feasible, it needs to be ensured that any increase in DRX length does not impact the performance of the UE in case of mobility, and also it’s responsiveness to mobile terminated calls. 

The main use case appears to be UEs which are active very infrequently, and would need to be in connected mode only for short periods of time. It would seem that alternative solutions which could be considered more suitable are either CN based or based on connected mode.
x.2
Connected Mode

In order to support frequent small data transmission, one solution proposed is to keep the UE in connected mode. This approach is supported by the current EUTRAN and UTRAN systems. 

In Rel-11 CELL_FACH state was enhanced to further support keeping UEs which are using frequent small data transmission in connected mode for longer periods of time. CELL_PCH is also an attractive existing option for UMTS. 

In order to support less frequent transmission, and also to support efficient small data transmission, it could be considered to further extend DRX in CELL_PCH, URA_PCH, and CELL_FACH states which could also address the key issue of efficient small data transmission – this would remove the majority of RRC signalling required when there is data to transmit of receive, and since the UMTS system already supports direct data transmission/reception in PCH and FACH states it is already possible in the to support efficient small data transmission, with minimum signalling overhead, if the UE is kept in one of the semi-idle states for longer periods of time.

Semi-idle states are specifically designed to keep the UE in connected mode for longer periods of time, while providing the following characteristics: 

· power saving due to long DRX

· signalling reduction due to moving quickly to states where fast data transfer is possible, and also supporting direct data transfer in these states

· mobility robustness due to idle mode like reselection instead of handover
Given the above characteristics, and the long experience in the field of operating using intermediate (between idle and connected) states, such a solution should be considered also for the EUTRAN system in order to support the objectives of this study. This would provide a wrapper for all of the MTC related enhancements, enabling power saving, signalling reduction and mobility robustness, while isolating impact from the legacy system behaviour.

There is always a trade-off between latency, mobility robustness, and UE power consumption, hence, the benefit of any such extension should be verified taking into account not only improvement to power consumption but also its effect on mobility.
x.2
Others

So far the only other solution impacting RAN is “transmission delay until better coverage conditions”. It’s not clear what the benefit of such a scheme would be given that cells already broadcast a minimum quality level whichi implicitly delays transmission until good coverage is found, and the relatively short transmission expected would anyway use similar amount of power regardless of the coverage (as long as cell is suitable) as most of the power consumption would be related to other overheads such as signalling, measurements, and state changes. Introduction of timers simply adds uneccesary complexity to the system since there are already coverage based thresholds. 

***************** End of changes *********************
