[bookmark: _Ref452454252]3GPP TSG-RAN WG1 Meeting #88b		R1-1705229
Spokane, WA, USA, 3rd - 7th April 2017
	


Agenda item:		8.1.3.1.6
Source:	Nokia, Alcatel-Lucent Shanghai Bell
Title:	On two-stage DCI for NR
Document for:		Discussion and Decision
1. Introduction
[bookmark: _GoBack]In the previous RAN1 meeting in Athens, RAN1 made no agreements corresponding to two-stage scheduling. However, following conclusion has been reached:
Conclusion:
Two-stage DCI is expected to be discussed further after more details of the design for the single-stage DCI are known.

Moreover, [1] summarizes the offline discussion on two-stage DCI in Athens. It presents designs and potential benefits and disadvantages of the two-stage DCI. In this contribution, we state our opinion on preferred two-stage DCI design if it is supported. 
2. On support of two-stage DCI   

Offline discussion from Athens [1] lists the following potential advantages and disadvantages, where all except one (highlighted in yellow below) are stated with question mark, as no consensus could be reached.  
Advantages of Two-stage DCI (no consensus):
· Dynamic indication of more than two transmission schemes?
· Reduction of blind decodes?
· Lower blocking?
· 2nd stage can have a more flexible size?
· Forward compatibility?
Disadvantages of two-stage DCI (no consensus):
· Could have worse overhead due to need for CRC in second stage DCI?
· Polar codes benefit from larger size and performance with smaller DCI could be worse?
· 1st stage needs to be more robust. May need to go lower than 1% BLER.
· Potentially larger blocking?

In the following we state our opinion on the above potential advantages and disadvantages.  

Blocking reduction and control efficient packing

The idea behind blocking reduction and efficient packing is that e.g. the first control symbol in the NR slot would contain a stage-1 DCI of a small payload that would fit e.g. to a single CCE. This 1-CCE AL1 DCI could be transmitted in a compact search-space common to all two-stage UEs. This removing blocking and in addition allowing to place stage-2 DCIs (containing the majority of the content) to an arbitrary other location within PDCCH region and such efficiently pack that DCI tightly within the PDCCH OFDM symbols. However, same benefits would not be achievable with the design in [2], where the majority of overall DCI payload is placed in the stage-1 DCI. The stage-1 DCI would need to be in principle a similar search space as the single-stage DCI, requiring many ALs. For example, looking at the LTE Format 2C (DMRS based TM9), the DCI size for 20MHZ BW is 50bits without CRC, of which RA(25bit) + DMRS ports (3bit) + 2xMO (4bit) would result in payload of 32bits in stage-1 DCI which is majority of the overall DCI payload. 

Observation-1: To lower blocking and to enable efficient packing of DCIs, the stage-1 DCI payload should be preferably modest. 

Higher efficiency and size-flexibility of the stage-2 

The indication of stage-2 DCI location in stage-1 DCI allows eNB to place the stage-2 DCI to any frequency location within the system BW, and such make use of available CSI. However, stage-1 DCI can also support beamforming to harvest at least some of the gain from the available CSI, and the second-stage does not need to be necessarily within the UE’s PDSCH allocation to benefit from frequency selective scheduling. Also stage-2 transmitted in PDCCH may be served with flexible MO and flexible size. Moreover, the UEs receiving UL grants should also be able to harvest two-stage benefits, and UE receiving UL grant does not necessarily have PDSCH transmitted within the same slot. Finally, the benefits of higher efficiency are consumed, at least partly, by the need to make the stage-2 DCI more reliable and an additional CRC required at the stage-2 DCI.  

Observation-2: In order to benefit from higher efficiency and size-flexibility in delivery of the stage-2 DCI, the stage-2 DCI does not need to be necessarily confined within UE’s PDSCH allocation. 

Observation-3: The higher efficiency benefit of stage-2 DCI is at least partly eaten by the need to increase reliability of the stage-2 DCI and the additional overhead of CRC. 

Reduction of UE-side blind decodes 

We think that the reduction of blind decodes (BD) performed by UE is the main benefit of a two-stage DCI. The BD reduction results in power savings. Indeed, the number of blind decodes could by substantially reduced by having a stage-1 DCI of a single payload size and a single aggregation level (AL). However, having a single AL would require conservative AL selection by an eNB, which could cause the control channel jamming instead of offloading, especially when stage-1 would have large payload. Therefore, the stage-1 DCI (if supported) should be should be of modest payload. Moreover, to enable reduction also for UL grants, the stage-2 DCI should be transmitted in PDCCH, and stage-1 should be common for both PUSCH and PDSCH stage-2 grants. 

Proposal-1: For the user-specific two-stage DCI (if supported):
· stage-1 DCI is of a modest payload and is common for stage-2 DCIs scheduling PUSCH or PDSCH
· stage-2 DCI is transmitted within PDCCH 


Overall, it is not yet clear to us whether above discussed benefits of a two-stage DCI would reign its disadvantages. The two-stage DCI has clearly the following disadvantages: 
· it requires one transmitted CRC per stage, which adds 16 or 32bits of extra overhead, depending on whether NR adopts 16 or 32bit CRC
· the reliability of both stages would need to meet the reliability of single-stage DCI,  
· the coding gain becomes smaller due to payload fragmentation.

Therefore, we suggest RAN1 not to spend precious online time on two-stage discussion, until RAN1 agrees on important aspects of the single-stage DCI design, such as PDCCH resource definition and configuration, control channel coding, search-space design, etc.

Proposal-2: RAN1 should not spend any online time on two-stage design before one-stage DCI aspects, such PDCCH resource definition and configuration, control channel coding, search-space design, etc are in place.
3. Summary
Based on the discussion in above, we have the following observations and a proposal:
Observation-1: To lower blocking and to enable efficient packing of DCIs, the stage-1 DCI payload should be preferably modest. 

Observation-2: In order to benefit from higher efficiency and size-flexibility in delivery of the stage-2 DCI, the stage-2 DCI does not need to be necessarily confined within UE’s PDSCH allocation.
Observation-3: The higher efficiency benefit of stage-2 DCI is at least partly eaten by the need to increase reliability of the stage-2 DCI and the additional overhead of CRC. 

Proposal-1: For the user-specific two-stage DCI (if supported):
· stage-1 DCI is of a modest payload and is common for stage-2 DCIs scheduling PUSCH or PDSCH
· stage-2 DCI is transmitted within PDCCH 
· 
Proposal-2: RAN1 should not spend any online time on two-stage design before one-stage DCI aspects, such PDCCH resource definition and configuration, control channel coding, search-space design, etc are in place.
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