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Introduction
[bookmark: _GoBack]In this contribution, we first present some link-level simulation results for PDCCH. Based on the evaluation, we also discuss some candidate techniques such as compact DCI, PDCCH repetition, etc. 
Link-level simulation for PDCCH
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In this section, some preliminary simulation results on PDCCH are given. The simulation assumptions are listed in Annex according to email discussion [91-LTE-7] [1]. The simulation results are shown in Figure 1.
[image: ]
Figure 1 Simulation results of PDCCH
[bookmark: OLE_LINK15][bookmark: OLE_LINK3][bookmark: OLE_LINK10][bookmark: OLE_LINK14]In Figure 1, the baseline scheme is assumed with L=8CCE and Format 7-1A in TDL-C with DS =363ns. It can be found that the reliability of 99.999% is reached at SNR=0.7dB. Based on the simulation results provided in [2], the Q value for DL is about -2.6dB. That is 3.3dB enhancement on PDCCH is required for LTE URLLC at a reliability of 99.999%.  
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]From Figure 1, it can be inferred that using compact DCI (with 10-bit reduced) can bring about 1dB gain. About 2.7dB and 3dB can be improved by L=16 CCE and 2 repetitions respectively. Note that 2-repetitions means one initial transmission and one repetition. Thus, the 99.999% reliability can only be achieved by using at least two of three above schemes. For the reliability of 99.99%, it can be achieved by using either a larger AL or PDCCH repetitions. 
[bookmark: OLE_LINK16][bookmark: OLE_LINK13]Observation 1: For PDCCH transmission with L=8CCE and Format 7-1A in TDL-C with DS =363ns, the 99.999% reliability cannot be fulfilled, and about 3.3dB enhancement is needed. 
Observation 2: Link-level performance can be improved about
· 1dB by compact DCI with 10-bit reduced.
· 2.7dB by L=16CCE.
· 3dB by one additional repetition.
Proposal 1: At least two of three schemes among compact DCI, a larger AL with 16 CCE and one additional repetition should be supported to reach the reliability of 99.999%.
PDCCH related techniques
Analysis on compact DCI
Reduced size of resource allocation and MCS is analyzed in this subsection.
Analysis on resource allocation
· Analysis on DCI format 7-0A
According to [3], the payload size of RA type 0 in DCI format 7-0A for different system bandwidths is listed in Table 1.
Table 1 Payload size of RA type 0 for UL 
	System bandwidth
	5MHz
	10MHz
	15MHz
	20MHz

	Payload of RA
	5
	7
	8
	9






[bookmark: OLE_LINK11]In order to reduce the payload size of RA, the value of  and  can be further increased, which can be a multiple of a lager value than 4. If  and is a multiple of 8, the payload of RA for different system bandwidths is listed in Table 2. Compare with Table 1, 1-2 bits is reduced.

Table 2 Payload size of RA type 0 for UL with increased granularity
	System bandwidth
	5MHz
	10MHz
	15MHz
	20MHz

	Payload of RA
	4
	5
	6
	7


Taking the system capacity and scheduling flexibility into account, the granularity is not desirable to further reduced. Based on above analysis, we can find that, 
Observation 3: The field of RA for DCI format 7-0A can be further reduced by 1~2 bits.
· Analysis on DCI format 7-1A
For different system bandwidths, the payload size of RA in DCI format 7-1A is listed in Table 3.
Table 3 Payload of RA for DL
	System bandwidth
	5MHz
	10MHz
	15MHz
	20MHz

	RA payload of type 0
	4
	8
	6
	8

	RA payload of type 2
	5
	6
	8
	9


· Reduced RA size of type 0 
The payload size of RA type 0 for different system bandwidths is listed in Table 4 when RBG size is increased. Compare with Table 3, 2-4 bits can be saved.
Table 4 Payload of DL RA type 0 with increased RBG size
	System bandwidth
	5MHz
	10MHz
	15MHz
	20MHz

	RGB size

	12
	12
	24
	24

	Payload  of RA
	2
	4
	3
	4


· Reduced RA size of type 2 

Table 5 gives the payload size when  is increased for RA type 2. Compare with Table 3, 2 bits can be saved.
Table 5 Payload size of RA type 2 with increased granularity
	System bandwidth
	5MHz
	10MHz
	15MHz
	20MHz

	


	8
	12
	8
	8

	Payload of RA
	3
	4
	6
	7













Another method of reduced size of RA is that  keeps the same with current specification and only  is increased. For example =, , ,…,  and =, ,…, . The payload of RA type 2 is listed in Table 6. Compare with Table 3, 1 bit can be saved.
Table 5 Payload size of RA type 2 with different increased granularities for start point and length
	System bandwidth
	5MHz
	10MHz
	15MHz
	20MHz

	Payload of RA
	4
	5
	7
	8


Taking the system capacity and scheduling flexibility into account, the granularity is not desirable to further reduced. Based on above analysis, we can find that, 
Observation 4: The field of RA for DCI format 7-1A can be further reduced by 1~4 bits.
Proposal 2: Compared to short TTI, a further reduction of RA field should be supported. 
Analysis on MCS
[bookmark: OLE_LINK12] Since ultra-reliability is required for URLLC, the code rate for CQI table and MCS table is supposed to be small. Consequently, the CQI table and MCS table with higher code rates may be not desirable. Some entries in MCS table can be removed. Meanwhile, if compact DCI is supported for URLLC, it is also desirable to jointly encode the MCS indication and RV indication [4]. As a result, 2~3 bits could be saved. 
Proposal 3: A joint coding of the MCS indication and RV indication should be supported. 
Conclusion
According to the analysis given above, we have the following observations and proposals: 
Observation 1: For PDCCH transmission with L=8CCE and Format 7-1A in TDL-C with DS =363ns, the 99.999% reliability cannot be fulfilled, and about 3.3dB enhancement is needed. 
Observation 2: Link-level performance can be improved about
· 1dB by compact DCI with 10-bit reduced.
· 2.7dB by L=16CCE.
· 3dB by one additional repetition.
Observation 3: The field of RA for DCI format 7-0A can be further reduced by 1~2 bits.
Observation 4: The field of RA for DCI format 7-1A can be further reduced by 1~4 bits.
Proposal 1: At least two of three schemes among compact DCI, a larger AL with 16 CCE and one additional repetition should be supported to reach the reliability of 99.999%.
Proposal 2: Compared to short TTI, a further reduction of RA field should be supported. 
Proposal 3: A joint coding of the MCS indication and RV indication should be supported. 
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Annex
Table A-1. Link-level simulation assumptions
	Parameters
	Assumptions

	Carrier frequency
	700MHz

	System BW
	20MHz

	Channel model
	TDL-C

	Delay spread
	363ns

	UE speed
	3kmph

	Modulation mode
	QPSK

	Antenna configuration
	2Tx-2Rx 

	Channel estimation
	MMSE

	CP type
	Normal CP

	DCI Format
	Format 7-1A  (50-bit)

	Aggregation Level
	8

	OFDM Symbols  for PDCCH
	2
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