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Introduction
DCI formats for common, group-common and dedicated control signaling have been specified in TS 38.212. This contribution discusses several open issues on the usage of fallback DCI formats and applicable use cases of DCI format size matching.  
Discussion
Usage and contents of fallback DCI formats
It was agreed to support a DCI format size at least for the purpose of fallback. Consequently, DCI formats 0_0 and 1_0 were defined in TS 38.212 for UL and DL respectively. Some open issues can be seen in the following agreement from the RAN1 NR AH3 meeting,

	Agreements:
· At least two DCI sizes are defined.
· One DCI size, which is at least for the purpose of fallback.
· FFS: for other purposes.
· One DCI size depending on configuration
· FFS: whether both DL and UL have the same size or different.
· FFS: for group-common DCI/PDCCH
· Note: the UE is not necessarily required to monitor two DCI sizes at the same monitoring occasion



A first issue is the usage of fallback DCI formats in NR. For background, we first review the LTE procedure. 
For scheduling PDSCH in LTE, a UE may be configured to monitor for DCI format 1A or a TM-dependent DCI format with CRC scrambled by the C-RNTI.

Observations on DCI formats 1A and 0 in LTE
· DCI format 1A is used to schedule SI, paging and RAR using respectively SI-RNTI, P-RNTI, and RA-RNTI in the CSS. It can also be used to schedule UE-specific data with CRC scrambled by the C-RNTI in the CSS because the same DCI format size is used for common control with no additional blind decoding complexity. It is also used to schedule UE-specific PDSCH in the USS.
· In all cases of PDSCH scheduling with DCI format 1A single antenna port or transmit diversity is used regardless of the configured DL transmission mode.
· Prior to LTE Rel-10, DCI 1A contents were same when mapped onto the CSS and USS. From Rel-10 onwards, new fields were added, based on RRC configuration certain features, only when 1A is mapped onto the USS. Examples of such features include A-SRS request, HARQ-ACK resource offset (EPDCCH only), SRS timing offset for LAA and enhanced DAI for enhanced CA. 
· Similarly, to DCI 1A, additional fields are present in DCI format 0 when mapped onto the USS when the following features are configured: enhanced CSI request, SRS request, CS mapping for IFDMA.

The notion of fallback signaling refers to scheduling within an uncertainty interval spanning reception of an RRC reconfiguration message at a UE and reception of the corresponding reconfiguration confirmation message by the network. During this period, the NB only gets confirmation that a UE has applied the RRC configuration when it receives the RRC reconfiguration complete message even though the UE may apply the new configuration immediately it processes the RRC message. Although up to the NB how soon to schedule the UE based on the new RRC configuration, scheduling the UE with fallback DCI avoided any uncertainty. Prior to LTE Rel-10, DCI format 0/1A with CRC scrambled by the C-RNTI did not contain TM-dependent features. This is no longer true from Rel-10 onwards as configurable features are now present for both DCI formats 0 and 1A. Indeed, it can be said that true fallback signaling during an ambiguity period is only possible by scheduling in the CSS. 

This raises the question: what is the benefit of DCI format 0/1A when transmitted in the USS? 

Even if a UE immediately applies the reconfiguration message (as is now explicitly stated for reconfiguration with sync in TS 38.331) there is still some uncertainty if the DCI format size – or certain fields therein – is affected by such an RRC reconfiguration. As such the only obvious benefit of using DCI format 1A when mapped onto the USS is that it allows an eNB to schedule PDSCH with transmit diversity without having to reconfigure the transmission mode, and also possibly use a lower aggregation level when compared to DCI format 2D. Note that the smaller payload size of 1A compared to the TM-dependent format is not a tangible benefit in terms of reliability because a UE configured with a specific TM is expected to be able to receive the TM-dependent DCI format with average BLER = 1%.

Observation: the main benefit of transmitting LTE DCI format 1A in USS seems to be for TM-independent scheduling rather than avoiding any ambiguity between eNB and UE during an RRC reconfiguration period.


NR is quite different from LTE in that most PHY features are now configurable for flexibility. Nevertheless, it still holds true that for a RRC reconfiguration affecting the contents of a scheduling DCI format, a default DCI format that is independent of RRC-configurable features would be useful, at least when mapped onto a CSS. Therefore, DCI formats 0_0 and 1_0 should enable baseline scheduling of PUSCH and PDSCH respectively with reduced functionality compared to formats 0_1/1_1. In [1] we show why the C-DAI field is needed in DCI format 1_0 when mapped to a CSS. 

It is not strictly necessary to map these fallback formats onto the USS as the objective of transmit diversity in LTE can be provided by single antenna port scheduling in NR. To reduce blocking in case the CSS is already utilized, fallback DCI format can be mapped to the USS taking advantage of the smaller payload size compared to the non-fallback formats. In such a case the functionality should be same as when mapped to the CSS, i.e. configurable fields should not be present in DCI formats 0_0/1_0 when mapped onto any CSS or the USS. 

Proposal: no configurable fields are present in DCI formats 0_0/1_0 when mapped onto any CSS or the USS, if supported.

Default values of certain transmission parameters such as DMRS configuration type and number of DMRS symbols have been agreed for broadcast and dedicated control before RRC configuration [2]. This can be extended to cover all cases where PUSCH/PUSCH are scheduled using DCI formats 0_0/1_0. In addition, a fixed bit width of 2-3 bits can be defined for the time-domain resource allocation field included in formats 0_0 and 1_0. The actual bit width may be the same as the bit width of the timing field in the RAR as discussed in a companion contribution [3].

Proposal: for PUSCH/PDSCH scheduled by DCI format 0_0/1_0 in a CSS or the USS, default values for DMRS configuration type, number of DMRS symbols, DMRS port index, and time domain RA are defined in the specification.


Matching of DCI format sizes
An open issue is how/whether to match payload sizes for different DCI formats in order to reduce the number of blind decodes. It was agreed that for the same RNTI an explicit identifier is included to differentiate such formats. The DL and UL scheduling formats fall in this category as they are scrambled by the C-RNTI. 

Table 1 compares the payload sizes for DCI formats 0_0 and 1_0 for a DL/UL bandwidth part of 100 PRBs. Here, we have assumed a 2-bit time domain RA field and a 2-bit DAI field for both formats. It can be seen that 4 padding bits are required to match format 0_0 to 1_0 given the additional fields of PUCCH resource indicator and PDSCH-to-HARQ-ACK timing indicators. 

[bookmark: _Ref503302987]Table 1 Comparison of DCI formats 0_0 and 1_0
	Format 0_0
	Format 0_0
	Format 1_0

	Identifier
	1
	1

	Frequency-domain RA
	13
	13

	Time-domain RA
	2
	2

	VRB-to-PRB 
	1
	1

	Frequency hopping flag
	1
	N/A

	Modulation and coding scheme 
	5
	5

	New data indicator
	1
	1

	Redundancy version
	2
	2

	HARQ process number 
	4
	4

	DAI
	2
	2

	TPC command
	2
	2

	PUCCH Resource Indicator
	
	2

	PDSCH-to-HARQ-ACK timing indicator
	
	3

	
	
	

	Number of information bits
	34
	38

	CRC
	24
	24

	Total payload
	58
	62

	Padding for size matching
	4
	0




In our view 4 bits is just about okay for padding to get the benefit of reduced blind decodes. 

Proposal: padding is applied to match DCI format 0_0 payload size to DCI format 1_0.

The next question is whether to also match DCI formats 2_X to formats 0_0/1_0. For TPC commands (formats 2_2/2_3), this is similar to LTE as each TPC field can be assigned to a different UE in the same cell. For DCI format 2_1, 14 bits are needed for each pre-emption indication field targeting a given serving cell. Therefore, pre-emption indication can be provided for 2 cells within the maximum payload size of 38 bits but this implies 10 padding bits. For DCI format 2_0, the amount of padding could be quite excessive depending on the bit-width of the SFI index, which is not expected to be more than 3-6 bits, and the number of cells indicated by a single DCI format 2_0. However, this can be left to the network since the payload lengths for formats 2_0 and 2_1 are configured by RRC signaling.  

Proposal: The payload size for DCI formats 2_2/2_3 may be matched to DCI formats 0_0 and 0_1.
 
Conclusion
This contribution discussed several open issues on contents of DCI and applicability of fallback DCI formats. The following proposals are presented for consideration:
· Proposal 1: no configurable fields are present in DCI formats 0_0/1_0 when mapped onto any CSS or the USS, if supported.

· Proposal 2: for PUSCH/PDSCH scheduled by DCI format 0_0/1_0 in a CSS or the USS, default values for DMRS configuration type, number of DMRS symbols, DMRS port index, and time domain RA are defined in the specification.

· Proposal 3: padding is applied to match DCI format 0_0 payload size to DCI format 1_0.
· Proposal 4: The payload size for DCI formats 2_2/2_3 may be matched to DCI formats 0_0 and 0_1. 
References
[1]. [bookmark: _Ref503294753][bookmark: _Ref492653725][bookmark: _Ref498702536][bookmark: _Ref503528421]R1-1800258, “Open issues on HARQ-ACK feedback”, CATT, RAN1 AH 1801
[2]. [bookmark: _Ref503528409]Chairman’s Meeting Notes, RAN1 #91
[3]. [bookmark: _Ref503295126]R1-1800257, “PDSCH and PUSCH resource allocation” , CATT, RAN1 AH 1801
