Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting#89	 R1-1709075
Hangzhou, China, 15th- 19th May 2017

Agenda Item:	7.1.3.1.5
Source:	Ericsson
Title:	On Blind Decoding Complexity
Document for:	Discussion, Decision
Introduction

The following have been agreed regarding the group common PDCCH [1]
Agreements:
· NR supports a ‘group common PDCCH’ carrying information of e.g. the slot structure. 
· If the UE does not receive the ‘group common PDCCH’ the UE should be able to receive at least PDCCH in a slot, at least if the gNB did not transmit the ‘group common PDCCH’.
· The network will inform through RRC signalling the UE whether to decode the ‘group common PDCCH’ or not
· Common does not necessarily imply common per cell.
· Continue the discussion on the detailed content of the ‘group common PDCCH’ including usage for TDD and FDD
· The term ‘group common PDCCH’ refers to a channel (either a PDCCH or a separately designed channel) that carries information intended for the group of UEs.

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

Agreements:
· 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

Agreements:
· ‘Slot format related information’
· Information from which the UE can derive at least which symbols in a slot that are ‘DL’, ‘UL’ (for Rel-15), and ‘other’, respectively
· FFS: if ‘other’ can be subdivided into ‘blank’, ‘sidelink’, etc
· FFS: ‘Control resource set duration’
· FFS: Indicates the duration of the control resource set(s) 
· [bookmark: _GoBack]FFS: Can help the UE skip some of the semi-statically configured blind decodings. If not received, the UE performs all blind decodings

One of the key motivations that has been cited for having the group common PDCCH is the need to reduce blind decoding complexity for the UE. This contribution discusses the topic of blind decoding complexity and how the management of this complexity may be addressed by the group common PDCCH. 
Discussion
For the group common PDCCH, some functionality such as the PCFICH in LTE, which allows a dynamic indication of the control region size has been discussed as a means of reducing the number of blind decodes that the UE must attempt in the slot. The indication of a control resource set duration has been left for further study. In order to understand the amount of power savings that may be achieved by providing such information it is important to consider the structure of the PDCCH as well as the various components that contribute to power consumption when performing blind decodes.
In general, in the UE, power consumption is affected at least by the following factors with respect to blind decoding.
· Aspects related to reception of the signal such as the power taken by the radio receiver including RF and baseband components
· The computational complexity of performing the blind decodes
· The processing capability in the UE which impacts the time needed to perform blind decodes and whether blind decode candidates can be processed in parallel or whether they are processed serially
· The power saving capabilities in the UE, i.e., the speed with which various components can be turned off or on in order to save power
· The structure of the control channel resource set
· The latency in reading the group common PDCCH and responding to the information in it

The ratios of the power consumed by various sources of power consumption will play a key role in the realizable power saving due to any information provided in the group common PDCCH that may reduce the number of blind decoding attempts to be performed by the UE. If for example, the UE is unable to take advantage of micro-sleep procedures in time granularities of less than a slot length and a large fraction of the power is consumed by the radio receiver, then the power savings due to reducing blind decoding complexity could be quite limited. If the UE is able to enable micro-sleep within a slot and turn off the receiver based on information received in the group common PDCCH, then there could be some potential for power reduction. However, the power reduction will then depend on the control resource set structure and how the blind decode processing is performed. For instance, if blind decodes are completed quite fast in comparison to the slot time or the time it takes for the UE to turn off the radio receiver and enable micro-sleep, then, the savings in power from avoiding some blind decodes would be rather limited. Or if the blind decodes are performed in parallel, then the number of blind decodes that can be avoided based on the information from the group common PDCCH may also be limited.
Another aspect that plays a role is the structure of the control resource set and the location of the group common PDCCH within it. For instance, if the control resource set is only one OFDM symbol long and the UE has the ability to perform blind decodes in parallel, the power saving may not be significant since the UE can only start the decoding of the group common PDCCH after the first OFDM symbol. By the time the UE is able to decode the group common PDCCH and decide that other blind decodes are not needed, most of them may be completed anyway. If the UE waits to do the other blind decodes after the result of the decoding of the group common PDCCH is known, then the buffering requirements will be greater and in fact more power may be consumed due to a delay in when micro-sleep can be applied. If a CORESET longer than one OFDM symbol is used and the group common PDCCH is confined to the first OFDM symbol, then the potential for power savings is potentially greater. Based on this discussion we propose the following.
Proposal: The power savings achievable with implementation constraints should be considered when defining information to be sent in the group common PDCCH for the purpose of blind decode reduction.

It should also be noted that the slot format information already agreed could be provided not just for the current slot but for future slots as well when the slot formats are not otherwise known by some other means, e.g., when dynamic TDD is used. When the UE is provided information about future slots which indicates that these slots do not have any symbols for DL within them, the UE can skip all blind decodes including the group common PDCCH for the entire slot. This can serve to reduce the number of blind decodes that the UE has to perform.
A complication with signaling the duration of the control resource set, which was left for further study, is that the UE may be configured with multiple control resource sets which may be of different durations. It should be noted that the motivation for indicating the control resource set size in LTE was not only to reduce blind decoding complexity but mainly to increase throughput. Considering that CORESETs can be flexible in bandwidth, maximizing throughput is not a good motivation in NR to indicate the duration of the CORESET. 
Conclusion
We discussed the potential for reduction of blind decoding complexity via signaling of information in group common PDCCH and propose the following.
Proposal: The power savings achievable with implementation constraints should be considered when defining information to be sent in the group common PDCCH for the purpose of blind decode reduction.
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