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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Downlink control information (DCI) is used in LTE in order to deliver various physical download control information, mainly for physical resource allocation decision, as well as for other control commands such as power control or random access procedure request. It is assumed also to be supported in NR, through some of the aspects may need to be changed according to the introduction of new physical layer designs and features. This contribution will address some of these aspects, more specifically, the DCI content and relevant DCI formats for NR. 
2. Discussion
2.1. DCI information field
In LTE, multiple formats were defined for the sake of supporting common and UE-specific DCI, which would be a pretty well starting point for NR design. In LTE, the DCI information fields can generally be divided into several groups:
· Resource assignment, including DL, UL or sidelink physical resource block assignment, modulation and coding scheme.
· Spatial multiplexing related information, including precoding information, antenna ports, scrambling identity and number of layers, PDSCH RE mapping and QCL configuration, cyclic shift/OCC index for DMRS.
· HARQ related information, including HARQ processing number, new data indicator (NDI), redundancy version, and acknowledgement resource offset.
· Power control command, including UE-specific PUCCH and PUSCH power control, or group power control addressing for a group of UE at one shot.
· Aperiodic request command for SRS transmission and CSI measurement.
· Other specific feature request, such as carrier indicator, frequency hopping flag, downlink assignment index, etc.
[bookmark: OLE_LINK7]It can be seen that, few of them are no longer needed in NR, for example, precoding information is not necessary due to the removal of CRS in NR. On the other hand, many of these groups, such as resource assignment, HARQ, spatial multiplexing and power control related information, aperiodic request command, are still essential or at least beneficial for NR, while other feature specific fields depend on some detail design of NR and thus still may not clear at the stage. 
[bookmark: _Ref481592374]Observation 1: Many of the DCI information fields from LTE are still essential or at least beneficial for NR.
Therefore, it is proposed that,
[bookmark: _Ref481592417][bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal 1: At least the DCI information fields of resource assignment, HARQ, spatial multiplexing and power control related information, aperiodic request command, should be included in NR.
2.2. Additional consideration
However, the above discussion does not imply that the exactly same information field would be reused. Some of the information fields should inevitably be updated/enhanced in NR design.

Resource block assignment and compression
For example, the resource allocation field of LTE, scalable to some extent, can support up to 110 PRB for one carrier frequency. However, according to the current agreement in NR, maximum number of subcarriers per NR carrier can be up to 6600 [1], yielding a maximum number of 550 PRB per NR carrier. Given the maximum size of RBG, i.e. 4 PRB per RBG defined in LTE, simply reusing the RA type 0 of LTE would result in 138 bits for RA field if maximum number of PRB is configured for a NR carrier. Such inflation in control channel overhead may not be acceptable, and furthermore, may harm the reliability of control channel decoding and limit the achievable control channel coverage. Therefore, some means of RA compaction seem to be favorable. Further discussion of the design of RA compaction in NR could also be found in [2].
[bookmark: _Ref481599003]Observation 2: Some compaction scheme is favorable for the resource block assignment field.

Furthermore, NR is designed to meet the requirements covering a wide range of scenarios, where a large variety of UEs, from those equip with only a single antenna operating around 10 PRB up to those support transmitting and receiving in the whole system bandwidth together with spatial multiplexing, will attach to the same NR network. Such a flexibility requires a more dynamic and scalable DCI design compared with that of LTE. 
Especially, as the most significant part of the DCI information field, the resource allocation field in NR should no longer be fixed and linked to the system bandwidth as defined in LTE; instead, it is preferable to support a UE-specific resource allocation field, so that a low end UE can be configured to blindly decode an extremely compact size DCI which only spans on a possibly limited subset of the bandwidth, while a high end UE can be configured to exploit the full possibility of the whole system bandwidth. Moreover, the compact size of DCI may have significantly lower code rate compared with other DCI under the same aggregation level, thus would further help to maintain a better network coverage for those low end UEs. Therefore, we propose that
[bookmark: _Ref481592423]Proposal 2: The resource block assignment field should be UE-specific instead of fixed and lined to the system bandwidth. 
2.3. Flexible UE-specific configured DCI
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]LTE supports multiple DCI formats, each of which can be seen as a special combinations of various features and serving for specific applications, for example, DCI format 0 is for UL scheduling while DCI format 4 is also for UL scheduling but configured in different transmission mode, DCI format 3 is for group power control, and DCI format 5 is for sidelink assignment. Such a design is not flexible enough to support the wide variety of NR scenarios, and not forward compatible to new feature in the future release that may introduce new DCI information field. Similar to abovementioned approach for the UE-specific resource block assignment field, other necessary information fields, e.g. number of layers, QCL configuration, DMRS configuration, should also be UE-specific configured on demand, as a result, explicit DCI format is no longer need to be specified.
[bookmark: _Ref481598964]Proposal 3: A more dynamic and scalable DCI design compared with that of LTE should be supported in NR. Instead of specifying various DCI formats for different applications or transmission modes, a flexible DCI with UE-specific configured feature should be used to support different scenarios in NR. 
2.4. Potential NR DCI field
In addition to the existing LTE DCI information field that may be reused, the introduction of specific NR features would inevitably require new DCI field. 
The scheduling timing info should be added in DCI, as it has already been agreed in [1] that, 
NR supports at least same-slot and cross-slot scheduling for both DL and UL. 
Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values and the set of values is configured by higher layer.
Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values and the set of values is configured by higher layer.
Besides, some HARQ related information that is originally present only for DL grant in LTE, such as HARQ process number, redundancy version, etc., should also be added to UL grant in NR, as it is already agreed to support asynchronous and adaptive UL HARQ.
Further, some possible candidates from our perspective that acknowledge to the agreements in [1], include, 
· the starting position of PDSCH 
The starting position of downlink data in a slot can be explicitly and dynamically indicated to the UE according to [1]. As a starting point, mechanism similar to PDSCH resource mapping defined in LTE TM10 can be reused in NR, however, more flexible solution is not precluded.
· the number of aggregated slots 
It is agreed that slot aggregation is supported, i.e., data transmission can be scheduled to span one or multiple slots. The ability to dynamically allocate the number of slots for data transmission is deemed to be necessary for better exploiting the channel condition and improving the resource utilization.
[bookmark: _Ref481747634]Proposal 4: At least scheduling timing info, UL HARQ process number and RV, and the number of aggregated slots should be added for NR DCI. 
· indication of additional DMRS
Additional DMRS, as a complement of normal DMRS pattern, is introduced in order to assist the UE demodulation in tackling the Doppler shift or frequency error in some case. It is important for the network to dynamically turn on and off the additional DMRS, so that unnecessary overhead can be avoided while demodulation performance is preserved. A dynamic indication for the additional DMRS in DCI well meets such requirement and should be adopted in NR.
[bookmark: _Ref481747637]Proposal 5: Indication of additional DMRS for PDSCH demodulation should be included for NR DCI. 
In addition to these fields, there are some other potential information may be needed, for example, the indication for Beamforming operation, the assigned numerology, the indication for PDSCH modulation if PDSCH transmission is preempted by URLLC, etc. Mechanism for network to dynamically manage the UE soft buffer in order to achieve lower minimum coding rates and IR improvements, which may result in additional DCI modification, can also be considered.  However, they are still under discussion on related topics, therefore, it may be too early to make a decision right now.
2.5. Estimated DCI size
Based on above analysis, it is possible to have a rough view on the DCI size. LTE TDD DCI could be the starting point. The following table illustrates the DCI content and expected DCI size.
Note: 20MHz and RBG=4 is assumed. 

	Field
	DCI1A
	DCI2
	NR
	Notes

	Format
	1
	0
	[1-2]
	Differentiate different DCI with same lengths

	Resource allocation header
	0
	1
	1
	Detailed RA types are FFS

	Localized/Distributed VRB assignment
	1
	0
	1
	Detailed RA types are FFS

	RB assignment
	13
	25
	[13-25]
	13 is for format 1A, 25 is for format 2

	Hybrid ARQ process number
	4
	4
	[3-4]
	Less HARQ process # than LTE

	Transport block to codeword swap flag
	0
	1
	[0-1]
	Not needed for 1 CW, 
FFS for 2 CW

	MCS
	5
	5
	[5-?]
	Probably larger MCS table

	New Data Indication
	1
	1
	1
	1

	Redundancy Version
	2
	2
	2
	2

	TPC
	2
	2
	2
	2

	Downlink Assignment Index (DAI)
	2
	2
	[0-2]
	DAI is included in the CBG.[3]

	Antenna ports, scrambling identity and number of layers
	0
	0-3
	3
	Needed, details FFS

	Precoding information
	0
	3
	0
	No need

	HARQ-ACK resource offset and timing
	0
	0
	[3~?]
	Needed, details FFS.

	ARI
	0
	0
	0
	For LTE, reuse TPC for ARI

	Multi-slots scheduling
	0
	0
	[2-?]
	The length can be configurable, details FFS. The absence/presence is configurable.

	DMRS pattern
	0
	0
	[1-?]
	Additional DMRS pattern, The absence/presence is configurable

	SRS request
	0-2
	0-2
	[0-2]
	The absence/presence is configurable, 

	CSI request
	0-2
	0-2
	[0-2]
	The absence/presence is configurable

	Carrier indicator
	[0,3]
	[0,3]
	[3-?]
	Cross carrier scheduling. The absence/presence is configurable

	QCL and PDSCH mapping
	0
	0
	[2-?]
	The QCL configuration and PDSCH starting position, configurable. The absence/presence is configurable

	RNTI / CRC
	16
	16
	16
	16

	Total 
	47
	70
	[51-77]
	For LTE DCI2, 2 CW is assumed, For NR, 1CW is assumed



3. Conclusion
In the contribution, we have some investigations on the DCI content and design, and observe that,
Observation 1: Many of the DCI information fields from LTE are still essential or at least beneficial for NR.
Observation 2: Some compaction scheme is favorable for the resource block assignment field.
Based on these observations, we propose that,
Proposal 1: At least the DCI information fields of resource assignment, HARQ, spatial multiplexing and power control related information, aperiodic request command, should be included in NR.
Proposal 2: The resource block assignment field should be UE-specific instead of fixed and lined to the system bandwidth.
Proposal 3: A more dynamic and scalable DCI design compared with that of LTE should be supported in NR. Instead of specifying various DCI formats for different applications or transmission modes, a flexible DCI with UE-specific configured feature should be used to support different scenarios in NR.
Proposal 4: At least scheduling timing info, UL HARQ process number and RV, and the number of aggregated slots should be added for NR DCI.
Proposal 5: Indication of additional DMRS for PDSCH demodulation should be included for NR DCI.
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