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1 Introduction
This tdoc discusses the CSS design for paging. Some of the topics discussed include:

•
Supporting all Coverages

•
Minimizing DCI formats

•
Power consumption 

2 Supporting all Coverages 
When an UE is idle and is mobile, an eNB will not have a very accurate estimated of the level of coverage since the UE’s coverage is changing. An eNB may initially send a paging DCI with the least amount of repetition as would be sufficient for a UE in normal edge coverage and then increase the amount of repetition if there is no response. The starting point could also be the last known level which works well if the UE is stationary. Alternatively, if the system is not overloaded the eNB may choose to start with the maximum or near maximum number of repetitions to ensure that the page would be successful on the 1st paging attempt. There are many possible algorithms the eNB could employ to minimize resources, minimize paging failures, and minimize paging latency which will all be eNB implementation specific and will not be specified in the standard.  So NET: The algorithm the eNB uses to determine which repetition level is used is situational and implementation dependent and thus the UE will NOT know which repetition level the eNB will send and thus UE will need to be capable of decoding whatever the eNB decides to send. And to support the entire coverage range, the possible values of R that an eNB may use to send the DCIs will likely be very diverse e.g. {1,2,4,8,16,32,64,128} repeats.

Observation 1: The UE shall be capable of decoding all the paging DCI repetitions levels, aggregation levels, and DCI formats the eNB may send. 

3 Minimizing DCI Formats

The above recommendation could result in a large number of blind decodes and thus unwanted UE complexity thus ideally only one DCI format or at least the only one DCI size should be used.  RAN 1 has already agreed to specify two DCI formats for Mode A and Mode B and specifying a third just for paging would add unnecessary specification work and implementation complexity. These two DCI formats will likely have different sizes so it is not ideal for the UE to decode both.
Mode B is a better candidate than Mode A because at least 3 bits (i.e. 8 repetition levels) will be needed to specify the repetition level to cover all the coverage range.  But the number of PRBs for the paging message on the PDSCH may be fixed to 6 PRBs for this format which maybe more than is necessary when the UE is in good coverage, but this seems like a reasonable compromise.
Observation 2:  The Mode B format is better for paging. 

4 Power Consumption

As mentioned, a UE will not know which repetition level the eNB will send so the UE will need to blind decode all the possible repetition levels=R.  To support the entire coverage range, the possible values of R that an eNB may use to send DCI’s will likely be very diverse e.g. {1,2,4,8,16,32,64,128}.  If the UE has to stay awake and decode the largest repetition level (e.g. Rmax =128) every DRX cycle regardless of the actual UE’s coverage level, the resulting idle mode power consumption would be VERY bad.  

For acceptable power consumption, a LC UE must have a mechanism such that it can adjust the M-PDCCH decoding time based on the signal quality that it is receiving. For example, a LC UE should be able to decode the Paging DCI in 1 SF when the UE is in GOOD coverage (i.e. repetitions are not needed). 

Observation 3:  It shall be possible for a LC UE to optimize paging decode time based on coverage level. 

But to support this, there are a few specification and UE impacts:

· UE shall be capable of determining the maximum # of repeats to reliably decode the DCI  

· The DCI is decodable Early 

· DCI starts only at the Paging Occasion SF 

These topics are discussed below. 

Maximum # of repeats to reliably decode the DCI 

It has been determined by the RAN4 that a UE in good coverage will have an accurate measure of its coverage needs. However, a UE in the poorest coverage will have a much less accurate measure of its true needs with respect to paging repetitions but UE should be capable to differentiate between 0-5 dB vs 5-15 dB coverage.  From [1] RAN4 LS:

· It is possible to reliably distinguish between non-coverage enhancement and coverage enhancement (e.g. NC and 15 dB EC) using RSRP based method at least for AWGN channels. 

· It is possible to reliably distinguish among coverage enhancement of max. 2 levels (e.g. 5 dB EC and 15 dB EC) using RSRP based method at least for AWGN channels.

· The differences between distinguishable levels depend on RSRP measurement accuracy.

Thus especially in good coverage, the LC UE should be capable of determining an estimate of the maximum number of repeats needed to reliably decode the paging DCI. 

If the UE’s estimate of the maximum number of repetition is much greater than what is really needed the UE will waste power trying to decode the DCI messages longer than necessary.  If the UE’s estimate of the maximum number of repetitions is less than what is really needed, the UE will NOT be able to decode the DCI message regardless of how many repetitions the eNB sends, thus a UE should preferentially set its maximum number of repetitions conservatively to avoid this situation. 

Observation 4: Based on RAN4 input, the LC UE should be capable of determining an estimate of the maximum number of repeats needed to reliably decode the paging DCI

There are NO specification impacts to support this.

Early Decoding of M-PDCCH 

Early decoding means that if the eNB sends a DCI with e.g. 128 repeats, the UE is able to decode this sooner e.g. after <128 repeats.   This capability has already generally been agreed by RAN1 which is why it was decided to include the number of “M-PDCCH repetition number” in the DCI message so the UE can reliably know where the Paging Message on the PDSCH will start.  The below figure shows an example where the eNB sends a DCI with 4 repeats, but the LC UE is in good coverage so it only tries to decode the 1st repeat:


[image: image1]
Recommendation 1: It shall be possible for a UE to decode the M-PDCCH with < R repeats.

DCI Starts only at the Paging Occasion (PO) SF 

If a DCI can be sent after the PO SF, then it is possible that the LC UE in good coverage has already gone to sleep, so it will miss pages, (shown in the figure below) thus this needs to be avoided. 


[image: image2]
Thus, we need to ensure that the DCI messages only start at the PO SF, like the figure below:


[image: image3]
Recommendation 2:  A paging DCI shall always start at the Paging Occasion SF.

5 Conclusions

Observation 1: The UE shall be capable of decoding all the paging DCI repetitions levels, aggregation levels, and DCI formats the eNB may send.
Observation 2:  The Mode B format is better for paging.
Observation 3:  It shall be possible for a LC UE to optimize paging decode time based on coverage level. 
Observation 4: Based on RAN4 input, the LC UE should be capable of determining an estimate of the maximum number of repeats needed to reliably decode the paging DCI

Recommendation 1: It shall be possible for a UE to decode the M-PDCCH with < R repeats.

Recommendation 2:  A paging DCI shall always start at the Paging Occasion SF.
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