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1
Introduction
This is the summary of the email discussion:

[77#32] LTE: HetNet Mobility: Impact of DRX on mobility performance [Nokia]

-
Discuss impact of DRX on HetNet mobility performance. 

-
Distinguish intra- and inter-frequency deployments? Focus on intra-frequency HetNet cells? 

=>
Intended outcome: Email discussion report

2
Discussion
The discussion is divided here into two parts:

- Discussion on simulations

- Way forward

2.1
Simulations

Please find below very short summary of DRX simulations from Nokia&NSN about Intra-Frequency case (macro layer + pico layer) with one pico per macro:

· R2-114027 (DRX impacts on RLF rates)

· R2-115044/R2-115731 (DRX impacts on RLF rates + UE power consumption estimations)

· R2-120108 (Similar to earlier + adding different type of data traffics patterns – every 1 or 20 seconds. Additionally different type of handover parameters were used based on the serving cell (pico cells had different parameters than macro cells))

As a very short summary from the simulations it could be seen that:

Using of DRX makes UE power consumption better

With data every 20s

· At 3kmph

· RLF rates are pretty good until DRX > 1280 ms 

· Ping-Pong rates are high

· At 30kmph

·  RLF rates are already bad (>5%) at DRX > 80ms

·  Ping-Pong rates not so bad (but maybe not very good either)

With data every 1s

· At 3kmph

· RLF rates are pretty good with any DRX 

· Ping-Pong rates are high

· At 30kmph

·  RLF rates stay in “OKish” levels with good mobility parameters

· Ping-Pong rates not so bad (but maybe not very good either)

So in summary for papers: It seems that it would be essential to utilize DRX in LTE to ensure good power saving possibilities, but it also increases handover failure rates in HetNet scenarios. Especially this is problematic if there is infrequent data flows and decent UE velocities (30kmph). At very slow speeds (3kmph) RLF rates stay rather acceptable, but ping-pong rates increase significantly. 

Discussions on simulation assumptions:
[DoCoMo] How the results wil be, if some assumptions are modelled in detail. For instance, as in Ericsson's results (R2-120464), retransmission modelling, PDCCH/PDSCH detection modelling, etc. 
[Nokia] Both HARQ and RLC retransmission for control messages are modeled in all of those results we have had on HetNet mobility + DRX. In DRX modeling these have been taken into account by using retransmission waiting timers which prevent UE going to DRX for certain time (10 ms in DL and 1ms in UL). Maximum number of HARQ retransmissions in the simulations were 6 and for RLC retransmissions maximum was 2. So the modeling for DRX simulations has been more realistic than the calibration assumptions although main parameters have been the same

[DoCoMo] In addition, I'm just wondering how we should assume the measurement period when DRX is in use. According to 36.133, UE PHY is allowed to report measurements within the period of 5 DRX cycles (in case the cycle length is 0.04 to 2.56s). From what I understand , your assumption is that UE reports in every DRX cycle using the sliding window of 5. However, I assume that different UE implementations may have different measurement periods, which would affect the mobility performance. In that sense, should we assume the worst case that UE reports measurements in every 5 DRX cycles? (No strong opinion to think about the worst case, if it is not a realistc assumption :-))
[Nokia] It is true that we are looking at the worst case (with minimum requirements) in simulations by having measurement samples over 5 DRX cycles in L1 measurement window (1 sample per DRX cycle). Some different UE implementations could allow for more frequent measurements in DRX I would guess. This would probably improve the mobility performance, but our point has been to show the performance with minimum requirements which is probably expectable UE performance in the field.

[Ericsson] Regarding the simulation parameters in R2-115731, we believe a longer inactivity and DRX short cycle duration could be beneficial to reduce the handover failure rate. Together, these should be dimensioned to cover for the network side handover preparation and handover command transmission to the UE, including possible HARQ and RLC retransmissions. This in order to avoid the UE from going into long DRX before receiving the handover command. Perhaps this is already accounted for in your simulations, this is difficult to judge not knowing the details of delays modelled in your simulator.

 [Nokia] In the table at the end of contribution it is shown that HO preparation time is 50ms. And thus covered by the short DRX cycle in every other long DRX cycle than the shortest one (80ms). So to me it seems that short DRX cycle duration should be more than enough to cover HO preparation time?

And to my understanding HARQ transmissions are handled independently of DRX – so DRX settings should not affect HARQ retransmission success rates?

Discussion on analysing results:
[Ericsson]Thank you for kicking off this email discussion and for sharing all the interesting results. Sorry for our late response. In order to understand the results and whether there are any hetnet specific issues when activating DRX in the terminals, we would like to see a comparison with DRX used in a macro deployment. With that, a relative comparison could be observed in the simulated environment, and we would not need to relate the absolute numbers to some numbers to be expected in field.

[Nokia] I assume that what would you like to get is the comparison of macro-macro RLF rate to macro-pico / pico-macro RLF rates? Is this correct understanding?

[Ericsson] Extending the DRX short cycle duration is a more power efficient way of improving the handover failure ratio, than increasing the on-duration time. A short cycle of 20ms would speed up the transmission of the handover command, of course at the expense of slightly higher power consumption

[Nokia] And regarding longer inactivity timer – It has only impacts to measurements/RLF rates in case there is signaling/data ongoing and would increase power consumption. And as said earlier the short DRX setting is such that it should cover the HO preparation/RLC retransmissions. So I would think that increasing inactivity timer does not really have too much impact unless it is increased so much that UE is almost continuously in non-drx

[DCM] In the case SPS is used, I don't see this scenario will be practical, looking at the current FGI bit condition. But, assuming that it is used, NW can configure an optimised DRX parameter setting for SPS, for instance 20ms DRX cycle. Then, I don't foresee any mobility performance degradation, since for such a short DRX cycle, shorter measurement period is required (200ms, where DRX cycle <= 0.04s. the same as in connected mode). 
Discussion on RLF:
[DoCoMo] From DCM's point of view, so far it seems a bit difficult to say what is the reasonable RLF/ ping-pong rate and if the shown results (the 30kmph case) are acceptable. First of all, I would like to understand if the results are the fact that happens in reality. From your contribusions, I understand that the results are based on simulation assumptions for calibration work.
Whether the other paramter setting could reduce the RLF rate. For instance, whether a longer drx-Inactivity Timer (e.g., 1920ms defined in 36.508 as a typical value in real networks for best effort services) will result in reducing the RLF rate, as ,in your simulation, the timer is 10ms. Of couse, the impact of UE power consumption needs also to be checked. 
[Nokia] It is clear that long on-duration/inactivity timer can reduce the number of RLFs if we assume that more frequent measurements can be taken during the increased on duration time and there is less delay in receiving handover command. This is seen in paper R2-115731. But the power consumption increases significantly by this.

[DoCoMo] Is RLF visible to a customer? In the DRX state, there is not any U-plane sessions except for the case SPS isapplied. Customers are not likely to perceive the HO failure in the DRX state. I'm just wondering why operators are willing to invest in functions which will not affect to the customer experience. 
Signalling load due to connection recovery after the HO failure needs to be considered. In the concerned scenario, Pico-to-Macro HO, most likely the UE will re-establish the connection on the target Macro cell, which is a prepared cell. So, the connection is recovered by AS instead of NAS recovery. So, the question is whether it would cause considerable signalling overload. You might say that there is a case that the UE will re-establish the connection on the unprepared cell. For instance, the case where a small cell is deployed at macro cell boundaries. Then I would like to know how often it will occur. I know that the similar thing was discussed at the beginning of Rel-9. 
[Nokia] Then regarding the comment on DRX and intentional RLF – I think that is maybe a bit something new that has not been so much discussed in the past. At least to our understanding the handovers should also work with DRX and that has been assumption in RAN WGs?  But I tend to agree that from customer point of view it would not have big impacts to user experience if RLFs occur when DRX is configured. But making mobility based on RLF that to our understanding has been used as error recovery method is of course one possible way forward i.e. having non network controlled mobility in RRC_CONNECTED state. Is this something you were considering?

[Samsung] So in order to better understand to what extent mobility robustness is effected due to the introduction of Pico cells, it would be good to see Macro-Macro performance as well with the same DRX pattern for the same given a traffic class (Background traffic being the best case I guess given that Long DRX being an issue as shown from your results)

and see what different would the same DRX pattern do for the Pico-Macro case.

 Once we have such a comparison, we could then see if parameterization can help or if we need any other mechanism to solve any identified problem.

[DoComo] I believe that it is common assumption that HO can work with DRX. However, as commented by Satish, UE power consumption and mobility performance is a trade-off. The policy which of them should be prioritised is an operator choice and also depends on the environments where the cell is deployed, e.g high speed train scenario, etc. If the operator wants to ensure the mobility performance for the Pico-to-Macro HO case, perhaps the parameter setting to the pico cell can be optimised for mobility at the expense of UE power consumption. 
I'm not saying that the existing mechanism cannot work. I would just like to discuss the gain in practice if some enhancements are to be introduced. 
[Renesas] We agree with the main observations made in this discussion. Also, even though the DRX configuration (e.g. to use or not to use, that is the question) is naturally an operator’s choice, but believe that in typical cases DRX would still be used in the network to allow best possible UE performance.

 

Additionally, given that the DRX is recently being discussed at least in three separate SI/Wis (Hetnet mobility SI, IDC WI, EDDA WI), we think it would be good to capture something in the TR as well. Perhaps this is something we can discuss during the meeting. 

[DCM] It was not my intention that DRX is not used in the pico cell at all. What I was saying is that the DRX parameter setting can be adjusted, so that mobility performance is ensured to some extent, while UE power consumption increases. For instance, longer inactivity timer than 10ms (your simulation assumption) can prevent UE from entering the DRX state after sending a measurement report immediately. This could avoid the HO preparation procedure delay, although the delay might not be large in case short DRX is configured.
 In summary, I would assume that there is still room for mitigating the issue by adjusting the DRX and HO parameter setting depending on the cell type. 
[Nokia] To me using longer inactivity timer just to keep UE in non-DRX in order to receive handover command after sending of measurement report sounds a bit overkill from UE battery consumption point of view as I would assume most of the time the UE using inactivity timer is not caused by measurement report sending?

Then it would be excellent to know which kind of settings would be optimal for this kind of HetNet environment in order to verify that they can really work efficiently and how much they would affect UE power consumption. 

[New Postcom] Although we share a similar view with you that we may not simply rely on using long inactivity timer for improving UE handover performance, we think that before drawing a conclusion for DRX we’d better have a clear view on what is the specific problem in applying DRX in HetNet in comparison to macro only system. Moreover, considering that there are some specific HetNet features introduced in previous release, such as CRE, ABS, etc, we think it will be desirable to see if there is any issue or interaction on applying the DRX together with the abovementioned HetNet features, for the sake of having a whole view on the impact of DRX on HetNet mobility performance.

3
Conclusion
2.2.1
Something into TR?

There were considerations that some results could be captured as a indication of study has been performed on the DRX usage in HetNet scenarios, but it was also commented that it would be good to get some more input how does the RLF rates compare between different handover types (macor->pico, pico->macro, macro->macro). 
So it seems that there were some interest to capture results in the TR, but further discussions should be done to see what exactly could be captured.

2.2.2
RLF considerations

During the discussion it was indicated that it is not easy to say what would be acceptable RLF rates in the Hetnet scenarios and it was even discussed that it could be that having high RLF rates in RRC_CONNECTED state when utilizing long DRX could be OK, as it would not really impact the user experience that much. But it was also commented that earlier the mobility in RRC_CONNECTED was assumed to be robust and it would required a bit more discussion if this kind UE based mobility would be OK (i.e. cell selection at cell boundary).  Additionally it was commented that it may be operator choice to have big UE power consumption in order to ensure robust mobility by ensuring that UE will receive handover command (after measurement report) e.g. by using long inactivity timer, but also some concerns related to this kind of not using efficient DRX were raised.
2.2.3
Something else that should be further discussed?
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