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1 Introduction
In RAN3 #99 meeting[1], the Enhanced Coverage Restricted is introduced in PAGING message over S1 interface, which are intended to be used for eNB to determine whether the EC Restriction setting in the subscription data allows the UE to be paged in EC or not. 

In this paper, we will discuss the WUS configuration for these Enhanced Coverage Restricted UE.
2 Discussion

According to the intention for the modifications in SA2 and RAN3 specifications, the Enhanced Coverage Restricted UE  can only access the serving cell in normal coverage. The eNB can paging the Enhanced Coverage Restricted UE with normal coverage. The following is the intended working procedure for these UE:

1) Enhanced Coverage Restricted UE only camps in a cell in normal coverage

2) The UE indicates its WUS capability by dedicated RRC signaling 

3) UE monitors paging with WUS if enabled for the UE and if currently used in the cell according to SI. UE applies cell-specific WUS-configuration for monitoring.

4) At T1, DL data for the UE arrives at the Serving GW.

5) MME includes the UE-RadioPagingInfo (including the coverage restriction status) in the paging request sent to eNB.

6) If eNB supports and currently uses WUS, and if WUS is enabled for the UE according to the UE-RadioPagingInfo, eNB will transmit the WUS-signal prior to the UE’s PO.

7) UE detects WUS and if successful then proceeds to receive NPDCCH and the associated paging message in the data channel. 

Two observation can be made as follows:

Observation 1: Enhanced Coverage Restricted UE only camps in a cell with normal coverage.

Observation 2: When eNB pages Enhanced Coverage Restricted UE, eNB has the knowledge that the UE is an Enhanced Coverage Restricted UE as well as its coverage information.

Currently, the maximum repetition number for NPDCCH for paging is a cell specific parameter R_max. R_max is dimensioned for the cell coverage, therefore targeting enhanced coverage UE. To notify the UE whether there is a paging DCI carried by the NPDCCH, the WUS needs to be transmitted prior the NPDCCH that carries paging DCI.  The maximum duration of the WUS is also related to R_max, the scaling factor between maximum duration of WUS and Rmax associated with type 1 CSS is selected from {1/128,1/64,1/32,1/16,1/8,1/4,1/2}.

the UEs and eNB can further choose repetition levels lower than the upper limit based on their own knowledge. But it’s easy to understand, if the number of UE attempting to receive NPDCCH is less than the number of eNB transmitting NPDCCH, the radio resource would be wasted. While if the number of UE attempting to receive NPDCCH is larger than the number of eNB transmitting NPDCCH, the UE power would be wasted. So the consistence for NPDCCH repetitions between UE and eNB is expected as much as possible. 

The rationale for R_max is eNB has no prior information of UE’s coverage situation, therefore the transmission has to dimensioned for the worst case scenario. However, with the introduction of Enhanced Coverage Restricted UE  this is no longer true and it is expected the actual repetition number is much less than R_max. Compared with normal CE UE, the Enhanced Coverage Restricted UEs only need to monitor less NPDCCH repetitions when camping on a cell with normal coverage. With the similar reason as that of introducing the R_max, a new upper limit R_max_restricted can be introduced for these Enhanced Coverage Restricted UEs. R_max_restricted is the maximum NPDCCH repetition times need for Enhanced Coverage Restricted UEs to receive paging. There are two benefits of introducing this new parameter. From network perspective, it is as same as the reason to introduce R_max, i.e, if the paging is still not received by this time, either UE is not camping in the cell or something wrong with the UE,  the eNB can stops here and waste no more system resources.  But the most significant benefit is for UE power consumption. Usually the paging rate is low so most of time UE wakes up and after detecting no paging , goes back to sleep again. If R_max_restricted is not introduced, Enhanced Coverage Restricted UE still needs to assume that the eNB use R_max for maximum WUS and NPDCCH transmission, while with R_max_restricted these UEs can terminate the detection much early.
Three related question were raised during the discussion in RAN1 94bis, in the following the details clarification is given.

1. Will the R_max_restricted affect the CSS/USS search space ?

The search space for paging (type 1 CSS) and the search space for RAR/USS are separately configured and shown in the figures below. It can be seen that seen that configuring R_max_restricted for type 1 CSS of the restricted UE will not affect other UE’s searching space determination. For restricted UE, R_max_restricted only change the maximum number of repetition number. The CSS starting position and NPDSCH starting position are not affected.
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2. Paging transmission when paging message include both legacy UE and restricted UE 

As is known paging message may include paging for multiple UEs. If both legacy UE and restricted UE’s paging are inside the paging message, eNB shall use the legacy R_max. Legacy UE will decode the paging NPDCCH based on the legacy R_max value for them , and the restricted UE will decode the paging NPDCCH according to R_max_restricted. Both legacy UE and restricted UE can detect the same NWUS sequence. 
3.Will implementation based NPDCCH early termination eliminate of need for R_max_restricted?

First of all, the efficiency of NPDCCH early termination is largely depend on implementation thus cannot be always considered as effective. But the most important issue is, when there is no paging transmission, UE cannot use early termination to stop decoding before R_max is reached. Since paging rate is expected to be very low,  stop at R_max_restricted and not at R_max when no paging PDCCH is most of UE power saving comes from. Implementation based NPDCCH early termination cannot help here.

Observation 3: From network perspective, R_max_restricted will save network resource for paging when the paging message only contains restricted UEs.
Observation 4: From UE power consumption perspective,  R_max_restricted will reduce UE wake-up duration   when actual paging is not coming.

Observation 5: Introduction of R_max_restricted will not impact legacy UE behaviour.

Proposal 1: Introduce R_max_restricted for the maximum paging NPDCCH repetition number for Enhanced Coverage Restricted UE

Proposal 2: The maximum duration of WUS   for Enhanced Coverage Restricted UE is based on the scaling factor and R_max_restricted

3 Conclusions

In this paper, we discussed the WUS configuration for these Enhanced Coverage Restricted and CE-mode-B Restricted UE. We have the following observation and proposals:
Observation 1: Enhanced Coverage Restricted UE only camps in a cell with normal coverage.

Observation 2: When eNB pages Enhanced Coverage Restricted UE, eNB has the knowledge that the UE is an Enhanced Coverage Restricted UE as well as its coverage information.

Observation 3: From network perspective, R_max_restricted will save network resource for paging when the paging message only contains restricted UEs.

Observation 4: From UE power consumption perspective,  R_max_restricted will reduce UE wake-up duration   when actual paging is not coming.

Observation 5: Introduction of R_max_restricted will not impact legacy UE behaviour.

Proposal 1: Introduce R_max_restricted for the maximum paging NPDCCH repetition number for Enhanced Coverage Restricted UE

Proposal 2: The maximum duration of WUS   for Enhanced Coverage Restricted UE is based on the scaling factor and R_max_restricted
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