3GPP TSG-RAN3 Meeting #89 
R3-151370
Beijing, P.R.China, August 24 – 28, 2015

Title: 
Paging optimization 
Source: 
Huawei
Agenda item:
5.2
Document for:
Discussion
1   Introduction
SA2 has responded [1] with some agreements regarding paging optimisation. The original LS from RAN3 contained the following:

1. the recommended list of cells (that could contain visited cells and neighbour cells separately) is transparently stored and forwarded by the MME;

2. the last serving eNBs provides two separate lists:  a list of Recommended eNBs and a list of Recommended cells;

3. a Paging attempt count may be provided by the MME to the paged eNBs.

SA2 agreed to bullets 1 and 2. For the third bullet, SA2 included some normative text in an agreed stage2, as follows: “The MME may include in the S1AP Paging message(s) the paging attempt count information. The paging attempt count information shall be the same for all eNBs selected by the MME for paging.”   
2   Discussion

2.1   Usage of the lists
The list of recommended cells are to be transparent for the MME. This means that this list may be sent from the MME to all eNBs involved in paging. The MME should not be required to open the list and send a subset of this list to each corresponding eNB. 

The list of recommended eNBs on the other hand could be used by the MME to decide where it would be suitable to send paging messages. 

Regarding the list of recommended cells, we believe that it should be up to the MME to decide whether to include this list of recommended cells/eNBs. In some cases, the MME may for example want to urgently page a UE, and in that case, he may like each eNB to page in all cells.

It is important that an eNB has some flexibility in selecting which cells to page. If, for example, a neighbour eNB has recommended one cell, but this cell is normally not used for idle mode UEs (e.g. UEs are pushed to another cell at another carrier during idle mode) the eNB receiving the recommended cells should be free to select which cells to page in. The eNB may use the information in the recommended cells as assistance information to determine e.g. the geographical area that should be paged, and should be free to decide to page in other cells matching this geographical coverage when appropriate. 
2.2   Recommended cells
This list is used by the eNB to recommend which cells should be paged and should therefore be sent from the eNB to the MME and from the MME back to the eNB, by including it in the UE CONTEXT RELEASE COMPLETE message and in the PAGING message.

For the list of recommended cells, we believe that there is some information that should be included in the list. First of all, the ECGI for all cells should be included. Then, as discussed before, time information can be added to indicate the stay time in each recommended cell and this can also be used to indicate that the UE actually visited that cell. Cells that are recommended and cells that are not visited will not have any time information. 

We think it is good idea the ell is ordered since this will give an understanding to the receiving eNB in what order the cells were visited. Regarding the time information, if the eNB sets all values, one possibility would of course be to represent all times as absolute time values, e.g. when entering and when leaving each cell. Another possibility is to have one absolute time (when entering) and a relative time (stay time) for each cell. But it would also be enough with one absolute time and the stay time for each cell. But, instead of setting an absolute time in the eNB, we can let MME include the time between release and paging message. 

Regarding the accuracy, we believe that an accuracy on a level of seconds would be sufficient, similar to what is used in the UE history. 

Based on the above, we propose that 

Proposal 1: The list of recommended cells should be added to the UE CONTEXT RELEASE COMPLETE message and the PAGING message. The list should include the ECGI and an optional time value indicating the stay time expressed in seconds.

2.3   Recommended eNBs

The list of recommended eNBs is used by the MME to derive which eNBs are handling the cells included in the recommended cell list. Hence, this list should be sent from the MME to the eNB, by including it in the UE CONTEXT RELEASE COMPLETE message 

This list should include a list of eNB IDs and should be matching the recommended cells. In case a neighbour HeNB is connected through a HeNB GW, it is not possible for the sending eNB to know the eNB ID of the HeNB-GW. In this case, it would be enough if the eNB include the TAI in the list of recommended eNB since this will enable the MME to send the paging message to the correct HeNB-GW.
It may be beneficial to also include a stay time indicator for each eNB, similar to what is proposed in the visited cell list. It could be argued that this information would anyway be available in the MME based on path switch requests. This would cover most scenarios. But the list of recommended cells may be built in the eNB upon information from the list of visited cells that UE reports when returning from idle. This information is not available in the eNB. Therefore, in case it is deemed important to also cover this case, and if it is deemed important that the MME should be allowed to analyse and select which eNBs to page in, it may be valuable to also include time information in this list. This information could be used by the MME to for example exclude sending pages to e.g. the eNBs visited a long time ago. 
Proposal 2: The list of recommended eNBs should be added to the UE CONTEXT RELEASE COMPLETE. The list should include the eNB ID or the TAI and the time stayed in each visited eNB. 
2.4   Paging attempt count
The possible usage of the paging attempt count for non-MTC paging would be for the receiving eNB to decide how many of the recommended cells should be included in the actual paging. One example of how this could be done is as follows.
Example :

eNB A and B are both handling 24 cells (A1...A24 and B1...B24). UE is connected to eNB A, and when releasing the connection, eNB A creates a list of recommended cells containing 6 cells in eNB A (1..6) and 6 cells in eNB B (1..6). The list could for example be as follows (where the bold letters indicate a visited cell):

A1, A2,A3, B1, A4, A5, A6, B2, B3, A1, B4, B5, B6
The paging attempt count could be used in the eNB to determine how many of the cells that should be paged. In this example, we assume the paging attempt count is always started with value 1, and increased by 1 for each paging attempt. The behaviour in the eNB should be vendor specific, but one example behaviour can be as follows: in the first attempt, eNB A may decide to only page the last serving cell. In the next paging attempt, the eNBs may choose to page only the recommended cells associated with the last visited cell, i.e. A1, A2 and A3, whereas eNB B would page in only B1. In the following paging attempt, the paged cells could be extended, until paging attempt 4, where all recommended cells are paged.. 
There are however some important things to note:

· Intuitively it may look like a good approach to page in iterative steps, but the actual benefit of introducing iterative schemes depends a lot on the probability for success in each step and the number of cells paged in each step. Compare for example the evaluation in [2] where different types of paging schemes were evaluated. 
· Increasing the number of paging attempts will increase the average delay for paging. For every iteration we add to the paging scheme, we increase the maximum delay and thereby also hte average delay. This may not be desirable for all types of users. For some users, it is better to immediately page in more of the  recommended cells.
With the above example solution, where we have a strict method for the MME for setting the page attempt count, there is no way for the MME to use different schemes for different UEs, e.g. to page in all recommended cells in the first attempt. If we let the eNB select the number of paged cells depending on the paging attempt count, all UEs will be subject to the same paging strategy, assuming that the recommended cell list is the same. 
One way to allow for different paging strategies from the MME would be to not specify how the MME sets the paging attempt count. If the MME for example is allowed to set this parameter to something different than one in the first attempt, and increase with more than one in each attempt, it would be possible to achieve a differentiated paging strategy. 
Proposal 3: Introduce the paging attempt count as an optional indicator where the behaviour in MME or eNB is not mandated, and where this indicator is only included in case the recommended cells are present. 

But it is also worth noting that if we decide to allow for this freedom, the meaning of the paging attempt count has slightly changed its meaning. With this new flexibility, this is now more an indicator of how aggressive the paging in the recommended cells should be. Then it may be fairer to not call it page attempt count, but rather call it something more generic, like paging attempt indicator, which could be sufficiently well expressed in a few code points, e.g. 0..7 or maybe even fewer, like 0..3.Discuss whether using a more general indicator than paging attempt counter is agreeable, and in case this is agreed, inform SA2 about this.

One example how this could be captured in the spec is illustrated below.

	Paging Attempt Indicator
	O
	
	INTEGER (0..7)
	 This parameter indicates how many of the recommended cells should be paged. Value ‘0’ corresponds to a small number of cells and value ‘7’ corresponds to a large number of cells.


2.5   Propagation
Propagation is one of many issues that is still for FFS and therefore not included in the communication with SA2. In our understanding, the main benefit of using recommended cells (as discussed in [2,3]) is beneficial in case the eNBs are serving a large number of cells. This means that we are looking at scenarios with relatively large areas covered by one eNB. This reduces the need for propagating information between eNBs.

Further, we believe that it is most important to get the recommendations of the last serving eNB, since this is the eNB with the most up to date information regarding the specific UE. This eNB would know which cells have been visited (both from the UE history and the visited cell list reported from the UE) and which cells were reported by the UE in the measurement reports. In addition, the eNB may use previously collected information about suitable neighbour cells to determine suitable cells belonging to other eNBs. 

If for example the UE is toggling between two cells belonging to different eNBs, the serving eNB would detect this based on the UE history and in the list of visited cells from the UE. The serving cell will also receive measurement reports indicating that the UE is close to this other cell. This means that the last serving cell can still form a list of recommended cells, even if the UE is not actually moving between cells during the time the UE is connected. 
Proposal 4: Propagation of the recommended cells between eNBs and from MME to eNB at connection set up is not needed. 

3   Conclusion
Based on the discussion in this paper, we propose:
Proposal 1:
The list of recommended cells should be added to the UE CONTEXT RELEASE COMPLETE message and the PAGING message. The list should include the ECGI and an optional time value indicating the stay time expressed in seconds.
Proposal 2:
The list of recommended eNBs should be added to the UE CONTEXT RELEASE COMPLETE. The list should include the eNB ID or the TAI and the time stayed in each visited eNB.
Proposal 3:
Introduce the paging attempt count as an optional indicator where the behaviour in MME or eNB is not mandated, and where this indicator is only included in case the recommended cells are present.
Proposal 4:
Discuss whether using a more general indicator than paging attempt counter is agreeable, and in case this is agreed, inform SA2 about this.
Proposal 5:
Propagation of the recommended cells between eNBs and from MME to eNB at connection set up is not needed.
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