[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting #88bis							R1-1705738
Spokane, USA 3rd - 7th April 2017

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	PDCCH for URLLC low latency
[bookmark: Source]Agenda Item:	8.1.3.1.5
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
In this contribution, initial views on PDCCH design for URLLC low latency is discussed.
2. PDCCH for URLLC low latency
One of the use-case of NR is URLLC, in which U-plane latency of 0.5ms ~ 1ms is required. For this, TTI shortening is promising. NR supports two realizations of TTI shortening:
· Realization 1: Using higher SCS compared to eMBB. 
· For example, SCS of 60kHz with a slot length of 7 symbols can realize TTI length of around 0.125ms.
· Realization 2: Using mini-slot. 
· 2 symbol mini-slot with SCS of 15kHz can realize TTI length of around 0.14ms.
2.1. PDCCH using higher SCS
According to the agreements RAN1 made so far, PDCCH for eMBB is designed such that it is mapped at least within one OFDM symbol. Therefore, NR-PDCCH designed for eMBB can simply be re-used for realization 2. 
On the other hand, it is not clear yet whether the NR-PDCCH can still simply be re-used for realization 1. Considering the URLLC nature, the typical scenario would be a carrier frequency of below 6GHz. For sub-6, each carrier would have limited carrier bandwidth such as 10 MHz or 20 MHz. On the other hand, due to higher SCS, the number of subcarriers per one OFDM symbol for realization 1 in the given sub-6 carrier would be limited. For example, assuming 10MHz, there would be 12 PRBs with SCS of 60kHz. For NR-PDCCH, if one CCE is formed by 6 REGs, the number of OFDM symbols necessary to accommodate an NR-PDCCH with aggregation level 8 is 4. If it is desirable to limit the bandwidth of the control resource set for NR-PDCCH to be monitored by the URLLC users, such as 5 MHz, the necessary number of OFDM symbols to accommodate an NR-PDCCH with aggregation level 8 becomes 8.
From eMBB point of view, the number of OFDM symbols for a given control resource set can be up to 3. However, considering the URLLC usage, the number of OFDM symbols for a given control resource should not be limited to a small number, e.g., 3, but should be extendable to a large value, e.g., 8.
Proposal 1:
· Wide range of the number of OFDM symbols should be able to be configured for a control resource set.
· At least from one to four.

2.2. PDCCH for mini-slot
For using the mini-slot configuration for low-latency purpose, however, NR-PDCCH shall be monitored with shorter periodicity, e.g., per mini-slot. Therefore, although the NR-PDCCH structure can be common between slot-level and mini-slot-level scheduling operations, search space configurations and monitoring procedure would be different from pure eMBB case. 
The simple way to do this is to support monitoring multiple control resource sets having different monitoring periodicities including per slot and per mini-slot. For example, one control resource set is configured with a periodicity of 1 slot, while another control resource set is configured with a periodicity of 2-symbol mini-slot. For the slot-level eMBB operation, monitoring multiple search spaces with different periodicities would be useful []. The PDCCH monitoring for mini-slot operation can be a scaled version of that for slot-level eMBB operation.
Proposal 2:
· Support control resource sets monitoring with different periodicities including per slot and per mini-slot.
· UE can be configured with multiple control resource sets having different periodicities.

For PDCCH monitoring in mini-slot operation, clarification is necessary on how to determine the number of blind decodes the UE performs. At the RAN1#88 meeting, following agreements have been made. It needs to be clarified whether the following underlined agreement is per subframe, per slot, per mini-slot, or per symbol, and whether it is per carrier or per UE (in case of CA or DC). Note that the agreement allows to define maximum number of blind decodes neither per control resource set nor per search space.
	Agreements:
· Multiple control resource sets can be overlapped in frequency and time for a UE.
· A search space in NR is associated with a single control resource set
· The search spaces in different control resources sets are defined independently.
· The max number of BD candidates for a UE is defined independently of the number of control resource sets and the number of search spaces.



So far, RAN1 agreed that NR supports different minimum HARQ processing time across UEs. Besides, UEs may have narrower access bandwidth than the system bandwidth of the NR carrier. Considering that the variety of UEs can be accommodated for NR, it is not reasonable to define fixed and single value of the maximum number of BD candidates for all types of UEs. Similarly to the minimum HARQ processing time, we propose following.
Proposal 3:
· UE is required to indicate its capability of maximum number of blind decodes to gNB.
· FFS: the number is per subframe, per slot, per mini-slot, and/or per symbol.
· FFS: whether the number is per CC or per CC-group or per UE.
· UE is configured to monitor PDCCH so that the total number of blind decodes does not exceed its capability.
· The total number of blind decodes per control resource set or per search space is configured by higher layer.
· FFS: the number is per subframe, per slot, per mini-slot, and/or per symbol.
· FFS: whether the number of per CC or per CC-group or per UE.


3. Conclusion
In this contribution, NR-PDCCH for URLLC low latency is discussed and following proposals are made:
Proposal 1:
· Wide range of the number of OFDM symbols should be able to be configured for a control resource set.
· At least from one to four.
Proposal 2:
· Support control resource sets monitoring with different periodicities including per slot and per mini-slot.
· UE can be configured with multiple control resource sets having different periodicities.
Proposal 3:
· UE is required to indicate its capability of maximum number of blind decodes to gNB.
· FFS: the number is per subframe, per slot, per mini-slot, and/or per symbol.
· FFS: whether the number is per CC or per CC-group or per UE.
· UE is configured to monitor PDCCH so that the total number of blind decodes does not exceed its capability.
· The total number of blind decodes per control resource set or per search space is configured by higher layer.
· FFS: the number is per subframe, per slot, per mini-slot, and/or per symbol.
· FFS: whether the number of per CC or per CC-group or per UE.
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