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1. Overall Description:

In RAN2 there has been a discussion about paging occasions, i.e., group of UEs listening in the same TTI for a possible paging message. During the discussion some companies expressed that it would be beneficial to somehow allow the UE to know, without PDSCH decoding, that there is no paging message for the UE in the particular TTI where the UE read the PDCCH. Two following proposals have been on the table:
1. UEs are configured with a set of P-RNTIs which represent the paging groups, which are structured in a hierarchical manner corresponding to different levels in the hierarchy, i.e., level one includes all UEs of the paging occasion, level two includes e.g. one third of UEs of the paging occasion (assuming division of UEs by 3) and so on with possible multiple levels of hierarchy. Only one PDCCH entry per paging occasion is assumed. The PDCCH entry is addressed to the corresponding UE group with the corresponding P-RNTI. The UE wakes up at its paging occasion and reads the PDCCH. The UE checks the PDCCH for the P-RNTIs corresponding to different levels of hierarchy, i.e. the UE needs to decode as many P-RNTIs as there are levels in hierarchy.

2. A use of special PDCCH format to address multiple UEs in the same or different paging groups. Only one RNTI is reserved for paging, but a special format of PDCCH (equal length to the normal format) indicates the group IDs of the UEs being paged in the actual paging message. It is expected that multiple paging groups can be paged using a single PDCCH.

In RAN2 it was not clear whether either of these approaches provide effective power savings to justify the increased complexity. During the discussion some companies (Nokia, NSN, Motorola, Ericsson) indicated that from their point of view, battery savings is neglible as the UE anyway needs to “buffer” PDSCH while it decodes the PDCCH. Figure 1 illustrates the wake up times of a UE in different scenarios:
1. In a TTI when UE checks P-RNTI and no one is paged i.e. no P-RNTI found (topmost figure)

2. In a TTI when UE checks P-RNTI and any UE of the UE group is not paged (middle figure)

3. In a TTI when UE checks P-RNTI and some UE(s) of the UE group is paged (lowest figure) i.e. UE needs to read paging message from PDSCH

Figure 1: UE wake up times for different scenarios.
Thus RAN2 would like to ask RAN WG1 and WG4 about possible power savings and complexity issues:

Q1: How much power savings can be achieved by omitting reading of the PDSCH message, although the UE needs to decode the PDCCH? That is, how much wake up (receiver turned on) time difference can be seen for only reading PDCCH vs. reading both PDCCH+PDSCH? RAN WG2 understands that the power consumption depends on the paging frequency (i.e., the frequency that someone in the paging occasion is paged and hence, a PDCCH is sent on the paging occasion) as due to the small TTI in E-UTRAN, the number of paging groups (in time) can potentially be high thus reducing the risk for unnecessary PDSCH reading. However, RAN WG2 appreciates if differences for power saving can be indicated between the cases 1, 2 and 3. 

Q1.1: Also additional analysis how wake-up times are affected if paging message is not send in the same subframe where P-RNTI is found (e.g.fixed one subframe delay between PDCCH entry used for paging and paging message on the PDSCH). 
Q2: Considering option 2 – Is there any additional complexity from RAN WG1 or WG4 point of view by defining an additional PDCCH format to indicate paging groups within a paging occasion? What is the RAN WG1 assumption on the PDCCH used for paging?
Q3: Is it problematic for the UE to decode multiple RNTIs (as many as hierarchical levels) per paging occasion in option 1?
Q4: If RAN1 has had any discussion about extending the TTI of PCH or any other method for increasing capacity of PCH, RAN2 would be interested to know about any decisions in order to reflect that in their further discussions on the paging handling in E-UTRAN
2. Actions:

To TSG RAN WG1 and TSG RAN WG4 groups:
ACTION: 
RAN WG2 asks RAN WG1 and WG4 to provide answers to the above questions 1-3.

3. Date of Next TSG-RAN WG2 Meetings:

TSG-RAN WG2 Meeting #60
05-09 November
Korea
TSG-RAN WG2 Meeting #61
14-21 January
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