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1
Introduction
New WI in Rel-16 to support further enhancements to NB-IoT was approved in RAN#80. One of the objectives of the WI is improve the UE power consumption with introduction of group based WUS. In this discussion paper we analyse the impact of configuring lower NB value on WUS performance and possible enhancements to improve the WUS performance without impacting the paging reception of legacy UE not supporting WUS.
2
Discussion
The paging configuration of NB-IoT consists of the following parameters

· NB – Number of paging occasions per DRX cycle, specified in terms of T. Where T is the DRX cycle length in number of radio frames.

· DRX Cycle Length – DRX Cycle length value

· Rmax – Maximum number of repetitions for paging search space.

Among the above parameters, NB value determines the number of paging occasions within DRX cycle. Higher the NB value more number of paging occasions for paging load distribution. 
In NB-IoT, the NPDCCH search space for paging is defined with maximum number of repetitions associated with the search space. The paging search space always starts at the subframe corresponds to the paging occasion. The number of repetitions for NPDCCH depends on the maximum coverage to be supported for idle mode paging reception. Depending on the number of repetitions single NPDCCH transmission may span over multiple radio frames. If the number of paging occasions are configured in such a way that NPDCCH search space of one paging occasion also overlap with the other paging occasion, it may lead to some delay in paging and possible false decoding at UE. To avoid the above problems, the NB value can be configured in such way that the NPDCCH search space for paging does not overlap. But the specification does not restrict the NB configuration based on Rmax value of paging configuration.

Two possible issues with overlapping NPDCCH search space with example paging configuration is illustrated in the below Figure.
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Idle mode UE listening to PO2.
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But fails in decoding the paging message.




Observation 1:  Overlapping NPDCCH search space across paging occasions may lead to paging delay and false paging reception impacts to UE. 
Observation 2: NPDCCH overlapping issue can be avoided by configurating right value for NB in the paging configuration without impacting the Rmax of the search space. But specification does not impose any restriction for NB value.

When WUS is configured for NB-IoT, the efficiency of WUS depends on the paging load within the cell. In case if paging load within the cell requires transmission of paging message is all paging occasions for every DRX cycle, the WUS configuration is not benefical. Because in such scenarios, the WUS transmission will be required for all paging occasions and all UE will also wake-up for NPDCCH reception. In fact, in such scenarios WUS transmission will be resource overhead.
For example, considering paging configuration with T=512 and Rmax for NPDCCH search space as 256 , the NB value needs to ensure that atleast 34 radio frames between paging occasions. The lowest NB value corresponds to this condition will be T/64.  In this paging configuration, the number of paging occasions per DRX cycle is 8.

With the above paging configuration, the paging load within cell having number of idle mode UE as 51000 with 50% devices supporting network command traffic model as indicated in [2] is estimated as 2-3 pages /second. This value will translate into approximately 10 pages / DRX cycle (5.12 seconds). For this paging load with equal distribution of paging across all paging occasions, there will be alteast one page for every paging occasion. It means that WUS transmission for this scenario is not beneficial rather it will be resource overhead.

Observation 3: Configuration of NB value to avoid NPDCCH search overlap will have considerable impact on the WUS efficiency. For reference paging load scenario, the WUS transmission may become overhead for some paging configuration.

In order to improve the efficiency of paging reception with WUS transmission, the NB value should be configured to higher value to allow better distribution of paging load within DRX cycle. This may result in paging search space overlapping.  With WUS configuration one of the problem associated with overlapping search space related to false decoding of paging message at the overlapping paging occasion can be avoided. Because with WUS decoding of NPDCCH is controlled by the associated WUS. If there is no transmission for PO, there will not WUS transmission, thus UE avoids decoding the NPDCCH which may be overlapping transmission from earlier PO.
The overlapping search space configuration with WUS enabled is illustrated in the below Figure. It is evident from the figure that, the UE listening at PO2 will not wake-up as its WUS is not scheduled. Thus the false decoding issue of overlapping search space is not applicable here.
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Observation 4:  False decoding issue associated with overlapping search space is not applicable with WUS configuration.  In other words NB value of paging configuration for UE supporting WUS need not ensure non-overlapping of search space. 

As the NB-IoT cell may have UE with and without the WUS capability, the paging configuration ensuring non-overlapping search space is still required for idle mode UE not supporting WUS. For WUS capable UE additional NB value can be configured which is different from the NB value in the paging configuration to ensure co-existence of both legacy and WUS capable UE in the same cell. This configuration should also be applicable for GWUS.
Proposal 1: We propose to include additional NB value in the paging configuration for the UE supporting GWUS and WUS in Rel-16.

3 Summary
We analyse the impact of overlapping search space for paging on idle mode UE based on its capability for WUS reception and make the following observations and proposals. 
Observation 1:  Overlapping NPDCCH search space across paging occasions may lead to paging delay and false paging reception impacts to UE. 

Observation 2: NPDCCH overlapping issue can be avoided by configurating right value for NB in the paging configuration without impacting the Rmax of the search space. But specification does not impose any restriction for NB value.

Observation 3: Configuration of NB value to avoid NPDCCH search overlap will have considerable impact on the WUS efficiency. For reference paging load scenario, the WUS transmission may become overhead for some paging configuration.

Observation 4:  False decoding issue associated with overlapping search space is not applicable with WUS configuration.  In other words NB value of paging configuration for UE supporting WUS need not ensure non-overlapping of search space. 

Proposal 1: We propose to include additional NB value in the paging configuration for the UE supporting GWUS and WUS in Rel-16.
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