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1. Introduction
In the previous RAN1 AH meeting in Spokane, no agreements corresponding to UE scheduling have been made. Based on the last meeting contributions, a group of companies supports only two-stage scheduling, while others think that a single-stage scheduling should be a baseline solution and question the benefits of two-stage design. In addition, two-stage designs of different companies are diverse and it is difficult to find a common denominator. In this contribution we will express our view on the support of two-stage design. 
2. On the need of single-stage DCI   
One of the main features differentiating NR from LTE is the support of high reliability services. Therefore, it should be noted that a two-stage DCI scheduling is not very suitable for the dynamic scheduling of aperiodic DL URLLC traffic. In order to achieve two-stage DCI reliability being close to the single-stage reliability, one of {stage-1, stage-2} or both need to be made more reliable. If probability of error for stage-1 and stage-2 is pe,1 and pe,2, respectively, and these probabilities are independent, then the combined probability of error is 
.

Table 1 shows the combined probability for a few examples of pe,1 and pe,2. It can be observed that in order to achieve error probability close to 10-2, either of pe,1 and pe,2 has to become at least 10x more reliable, or both need to become twice as reliable. This resulting into unnecessary overhead. Therefore, we believe that single-stage scheduling design is of highest priority and should be a baseline operation in NR.    
Observation-1: NR needs to support single-stage DCI scheduling to meet the URLLC requirements. 

Table 1 Combined error probability for two-stage DCI
	Stage-1 probability of error pe,1
	Stage-2 probability of error pe,2
	Combined probability of error pe

	1.00E-02
	1.00E-02
	1.99E-02

	1.00E-02
	1.00E-03
	1.10E-02

	1.00E-03
	1.00E-02
	1.10E-02

	5.00E-03
	5.00E-03
	9.97E-03



	


3. On support of two-stage DCI   

In Spokane AH meeting, a group of companies circulated a way forward on two-stage DCI [1], and listed the following benefits:
·   2-stage DL DCI has the benefits of
· Control offloading
· Higher efficiency in delivery of the 2nd stage (reuse PDSCH closed loop rate control)
· Simplification of UE side blind decoding
· Reduce the number of DCI payload sizes
· eNB and UE side Timeline benefit
· Forward compatibility
· More flexible total DCI length design with fixed 1st stage DCI length


In the following we discuss these benefits in more detail:

Control offloading

The idea behind control offloading is that the first control symbol in the NR slot would contain a small stage-1 DCI payload fitting e.g. to a single CCE, which would allow to fit DCIs of many UL grants and DL assignments into 1 or 2 PDCCH OFDM symbols in the front. However, this would not be achievable with the design in [1], where the majority of overall DCI payload is placed in the stage-1 DCI. 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. Furthermore, in some cases, an eNB would need to choose more conservative aggregation level (AL), because of tighter reliability requirement. 

Observation-2: The large stage-1 DCI payload together with more conservative aggregation level selection would lead to PDCCH jamming instead of offloading.

Higher efficiency in delivery 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. 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-3: In order to benefit from higher efficiency in delivery of the stage-2 DCI, the stage-2 DCI does not need to be necessarily confined within UE’s PDSCH allocation. 

Observation-4: 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. 

Simplification of UE-side blind decoding

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, as discussed above. Therefore, the stage-1 DCI (if supported) should support at least 2 preconfigured ALs for the single payload. 

Observation-5: The user-specific stage-1 DCI (if supported) should be of a single payload and should support at least two aggregation levels.


eNB and UE side timeline benefit

The next possible benefit of the two-stage DCI is advantage of early decoding. It is proposed that RA and rank/ports would be part of the stage-1 DCI. This allowing a UE to start channel estimation as soon as front-loaded DMRS are received. In addition, to perform symbol-to-bit de-mapping, additional indication of modulation order is required. However, the advantage of having RA in stage-1 DCI might not be significant if stage-2 DCI would be transmitted still in PDCCH. Because, a UE cannot start channel estimation before it receives DMRS ports anyway, therefore, upon reception of stage-1 DCI and given that the stage-2 DCI is transmitted still in PDCCH, the difference between having RA in stage-1 or stage-2 is in a single decode of the stage-2 DCI being at apriori known: (a) location, (b) payload and (c) aggregation level. 

Observation-6: The timeline advantage from having RA in the stage-1 DCI does not seem to be significant if stage-2 DCI is transmitted in PDCCH. 



Summary of the two-stage discussion

Based on the above discussion we can identify two types of two-stage operations:
· Option 1: Stage-2 is transmitted in PDCCH 
· Option 2: Stage-2 is transmitted in PDSCH 

Option 1 excludes RA, rank/ports and MO from stage-1 DCI and such significantly reduces its payload. As a consequence, many stage-1 DCIs could be multiplexed within the first control symbol. Stage-2 DCI can be then transmitted at the DCI candidate, with location and aggregation level indicated by the stage-1 DCI. This design can benefit from frequency selectivity (in Stage-2), works for both UL grants and DL assignment and reduces significantly number of BDs. 

Option 2 includes RA and rank/ports to be part of stage-1 DCI. Consequently, majority of DCI bits are transmitted in the stage-1 DCI, which together with increased reliability requirements (as discussed in Section 2) would not provide desired offloading effect in PDCCH anyway. Furthermore, this design does not provide solution for UL grants, and therefore the blind detection reduction could not be achieved for roughly 50% of DCIs.  

Overall, it is not yet clear to us whether benefits of a two-stage DCI would reign its disadvantages. The two-stage DCI has 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.

All these result into increased control overhead. Therefore, we have the following proposal:

Proposal-1: NR supports single-stage DCI as the baseline. FFS on support of two-stage DCI.
5. Summary
Based on the discussion in above, we have the following observations and a proposal:
Observation-1: NR needs to support single-stage DCI scheduling to meet the URLLC requirements. 
Observation-2: The large stage-1 DCI payload together with more conservative aggregation level selection would lead to PDCCH jamming instead of offloading.
Observation-3: In order to benefit from higher efficiency in delivery of the stage-2 DCI, the stage-2 DCI does not need to be necessarily confined within UE’s PDSCH allocation. 
Observation-4: 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. 
Observation-5: The user-specific stage-1 DCI (if supported) should be of a single payload and should support at least two aggregation levels.
Observation-6: The timeline advantage from having RA in the stage-1 DCI does not seem to be significant if stage-2 DCI is transmitted in PDCCH. 
Proposal-1: NR supports single-stage DCI as the baseline. FFS on support of two-stage DCI.
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