Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 #89
R1- 1708283
Hangzhou, China, 15th – 19th May 2017
Agenda Item:
7.1.3.1.5
Source:
Apple Inc.
Title:
Control indicator channel for UE power saving
Document for:
Discussion, Decision

1 Introduction
In RAN1#86, it has been shown in [1] that UE power consumption for DL control channel decoding is significant based on DoU use cases. It was noted that the significant portion of battery power was actually used for decoding PDCCH only without following PDSCH. Large number of blind decoding attempts UE has to made is one contributing factor for high power consumption. In this regard, we made following agreements on UE DL energy consumption[2].
Agreements:
· Impact of UE DL reception energy consumption should be studied also considering the total power consumption mainly focusing on DoU
· e.g., UE decoding power consumption in the physical layer DL control blind decoding in lack of grant

· e.g., UE decoding power consumption in the slot with the data

· e.g., UE decoding power consumption in the data reception process

· e.g., UE decoding power consumption in the measurement

· e.g., UE decoding power consumption in the SS

· UE power reduction techniques also should be studied
There is also an effort for reducing blind decoding attempts in the discussion of group-common PDCCH design. Since group-common PDCCH could carry information common to multiple UEs, this feature could be used for the reduction of potential blind decoding attempts for UEs. In RAN1-NR#1, we made following agreements.
Agreements:
· The starting position of downlink data in a slot can be explicitly and dynamically indicated to the UE.
· FFS: signaled in the UE-specific DCI and/or a ‘group-common PDCCH’

· FFS: how and with what granularity the unused control resource set(s) can be used for data

· The UE will have the possibility to determine whether some blind decodings can be skipped based on information on a ‘group common PDCCH’ (if present).
· FFS: if the data starting position is signaled on the group common PDCCH, the UE may exploit this information to skip some blind decodings

· FFS: if the end of the control resource set is signaled on the ‘group common PDCCH’, the UE may exploit this information to skip some blind decodings

· FFS: how to handle the case when there is no ‘group common PDCCH’ in a slot

· When monitoring for a PDCCH, the UE should be able to process a detected PDCCH irrespective of whether the ‘group common PDCCH’ is received or not
In this contribution, we discuss an effort to reduce PDCCH blind decoding attempts at UE.
2 Blind Decoding for PDCCH Detection
Physical Downlink Control Channel(PDCCH) is transmitted in the common search space and/or UE-specific search space. Common control information for all UEs is transmitted through PDCCH in common search space. UE-specific control information is transmitted through PDCCH in UE-specific search space.

When a UE is in connected mode, the UE is supposed to monitor PDCCH every designated slot to check whether there exist PDSCH destined to it. Monitoring PDCCH requires the UE to perform blind decoding both in common and its UE-specific search space.

If there is no PDCCH scheduled for the UE, the UE makes maximum number of blind decoding attempts, which makes the UE consumes significant amount of power while the UE not receiving any data.
3 Control Indication for UE Power Saving

3.1 PDCCH Indication
In case there is no PDSCH scheduled for a LTE UE, it makes up to 44 blind decoding attempts. In NR, we try to reduce unnecessary blind decoding attempts. We see that the unnecessary blind decoding attempts for a UE could be avoided by simply introducing a certain type of signal from gNB to the UE indicating the presence of PDCCH scheduled to the UE in the slot. That is, if a UE finds that an indicator associated with it signals that PDCCH for the UE is present in the slot, then the UE performs blind decoding to detect any PDCCH among candidates. If the UE finds that the indicator signals the absence of PDCCH for it, then it could skip blind decoding until next slot when it could be scheduled again. Using this approach, UE could avoid making unnecessary PDCCH decoding attempts and save energy.
Proposal 1: In NR, it is proposed that gNB sends indication to UEs signaling the presence of PDCCH for UEs, which could help non-scheduled UEs to avoid making unnecessary blind decoding attempts.
3.2 Group Indication
The indication could be per-UE or per-group depending on the design.
· If the indication is transmitted per-UE, then each UE in a cell receives exactly one indication signalling the presence of PDCCH for the UE. All the non-scheduled UEs which correctly decode the indication information could avoid unnecessary blind decoding.
· If the indication is transmitted per-group (group size >=2), then UEs in the group perform blind decoding whenever they receive the indication signalling the presence of PDCCH for any UE in the group. Since it is group indication, there could be UEs which do not receive any PDCCH but get signalled. If the indicator signals no PDCCH for the group, then all the UEs in the group could stop decoding and sleep for the slot.
The group size and the number of group is a design choice, and it is desirable to make them configurable.

Proposal 2: 

· Allow gNB to form groups of UEs for the purpose of indicating the presence of PDCCH for each group.
· gNB indicates the presence of PDCCH to a group of UEs in case there is any PDCCH scheduled for any UE in the group.

· The size of the group and the number of groups is configurable.
3.3 Physical Channel Structure
The nature of control indication requires it to be transmitted ahead of other PDCCHs. That is, for effective power saving, UE should be able to decode the control indicator information before making blind decoding attempts. Thus, it is the best when it is transmitted in the first OFDM symbol of a slot. We think group-common PDCCH is good candidate for the physical channel for carrying control indicator information.
Proposal 3: 

· Group common PDCCH should carry control indication.
4 Conclusions
Based on above discussion, we make the following proposals.
Proposal 1: In NR, it is proposed that gNB sends indication to UEs signaling the presence of PDCCH for UEs, which could help non-scheduled UEs to skip unnecessary blind decoding attempts.
Proposal 2: 

· Allow gNB to form groups of UEs for the purpose of indicating the presence of PDCCH for each group.

· gNB indicates the presence of PDCCH to a group of UEs in case there is any PDCCH scheduled for any UE in the group.

· The size of the group and the number of groups is configurable.
Proposal 3: 

· Group common PDCCH should carry control indication.
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