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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: OLE_LINK3]This is a revised contribution from R1-1712853.
Downlink control information (DCI) is used in LTE for downlink grant, uplink grant, power control, random access procedure response and etc. It is expected similar design framework shall be adopted in NR. Some of the aspects may need to be changed according to the introduction of new physical layer designs and features. An email discussion concerning some potential DCI contents has been done and summarized in [1]. This contribution addresses these issues, especially on the DCI for DL/UL grants aspects. Besides, the DCI contents and relevant formats are discussed in this contribution.
2. Discussion
2.1. Legacy DCI fields 
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 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.
· 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, and downlink assignment index, etc.
[bookmark: OLE_LINK7]Some fields 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, other fields, such as resource assignment, HARQ, spatial multiplexing and power control related information, aperiodic request command, are still essential or at least beneficial for NR. 
[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 be introduced/re-defined in NR.
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 [2], 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. Further discussion on compact RA field design can be found in [3].
[bookmark: _Ref481599003]Observation 2: Some compact scheme shall be considered for the resource assignment field.
It is agreed in RAN1#89 that in frequency-domain, NR allows to schedule a PDSCH and PUSCH at least with CP-OFDM waveform with large resource allocation and small resource allocation in dynamic manner. E.g., scheduling a slot with full or almost full bandwidth and scheduling next slot with one or a few RBs.
Unlike what is done in LTE, a NR UE is not instructed to know the system BW. A more flexible and UE-specific mechanism of indicating the receiving and transmission BW is introduced in NR, which is so-called BWP. Therefore, the resource allocation field in NR should no longer linked to the system BW as defined in LTE. Instead of that, UE-specific resource allocation field shall be considered. The parameters related UE-specific resource allocation includes, RBG size, RA type. So that a low-end UE or cell edge 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][bookmark: _Ref490302147]Proposal 2: The resource assignment field should be UE-specific configured instead of fixed and linked to the system bandwidth. FFS on how to configure the RBG size and RA type in a UE-specific way.
2.3. Potential NR DCI field
Some possible candidates from our perspective that acknowledge to the agreements include, 
· indication of additional DMRS
[bookmark: _Ref481747637]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. Such an indication may be a separate one-bit DCI field, or be jointly coded with other field; either way may serve our needs and which is better may depend on the detailed design of additional DMRS.
[bookmark: _Ref492759934]Proposal 3: Indication of additional DMRS for PDSCH demodulation should be included for NR DCI. 
· activation/deactivation of the BWP
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Ref490173994][bookmark: OLE_LINK8][bookmark: _Hlk490154172][bookmark: _Ref492759980]It is agreed in RAN1 #90 that the activation/deactivation of DL and UL bandwidth part by explicit indication at least in DCI. One or multiple bandwidth part configurations for each component carrier can be semi-statically signaled to a UE (UE can only activate one bandwidth part for a given time instant), and then the DCI signals the activation/deactivation to UE to timely switch to the target BWP. If the number of BWP is configured as N by RRC signaling, the payload of DCI will be  bits to indicate the index of BWP.
Proposal 4: The BWP activation/deactivation should be added in NR DCI. 
In addition to these fields, there are some other potential information may be needed, for example, the indication of beam index for PDSCH/PUSCH, the assigned PDSCH/PUSCH numerology, hopping position information for long PUCCH, 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.
2.4. Estimated size of DCI
According to the email discussion about DCI formats, we give some reference number of bits for each DCI field. The LTE DCI could be the starting point. 
· MCS field
In LTE, it supports up to 256QAM in MCS table containing 32 values. Based on channel coding discussion, the modulation order may extend to 1024QAM. If it uses 5bits (32 values) in DCI to indicate MCS, the flexibility of NW may be limited in support of 1024QAM. On the other hand, if it uses 6bits in DCI, the values of MCS could be extended to 64 so that 1024QAM can be supported. Nevertheless, the overhead of MCS in DCI is increased in this case, although UE may not use all the MCSs simultaneously. As discussed in [6] multiple MCS tables for different kind of services should be supported. Therefore, the MCS field can keep to 5bits.
· Scheduling timing information for PDSCH/PUSCH
From the agreement of RAN1 #90 in [7], the type of scheduling can divide into three cases: one-slot case, multi-slot case and non-slot (i.e., mini-slot) case. 
Considering 14 OFDM symbols per slot.
	payload(bits)
	Starting symbol
	Ending symbol
	Starting slot
	Ending slot
	total
	comments

	One-slot
	2
	2
	2
	0
	6
	Assumption: maximum crossing 4 slots

	Multi-slot
	2
	2
	2
	2
	8
	Assumption: maximum number of aggregated slots is 4

	Non-slot
	4
	4
	0
	0
	8
	


Note: The maximum number of aggregated slots is selected so that four RVs can be scheduled by a single DCI (for TTI bundling, URLLC repetition, etc.).
If the starting/ending symbol and starting/ending slot is semi-statically configured for the UE, DCI indicates a pointer to the set. 
For one-slot case, there are totally 4*4*4=64 entries, yielding a field of 6bits.
For multi-slot case, there are totally 4*4*4*4=256 entries, yielding a field of 8bits.
For non-slot case, there are totally 14*14=196 entries, yielding a field of 8bits.
Therefore, the DCI contents for time domain PDSCH/PUSCH allocation can be up to 8bits
DL-related DCI field is showed below:
	Field
	bits
	Notes

	Carrier indicator
	4
	for cross-carrier scheduling, maximum 16 CCs.

	Frequency-domain PDSCH resources - PRBs
	
	Resources in the frequency domain, is the number of RBs, and P is the RBG size. It’s Type 0 RA.

	Time domain PDSCH resources
	8
	Resources in the time domain, including cross-slot scheduling

	PDSCH/PDCCH resource sharing
	1~?
	Indicates whether the PDSCH is mapped to the semi-statically configured resource sets or not. It may have multiple resource sets.

	Bundling size
	1
	Indicate the PRB bundling size

	MCS
	5
	Modulation and coding scheme per TB. 

	New data indicator
	1
	For one TB, multiple bits if we have multiple TBs

	Redundancy version
	2
	For one TB, multiple bits if we have multiple TBs

	HARQ process number.
	3~4
	HARQ process number

	CBGFI
	0~1
	CBG flush indication. Consists of 1 bit (for one CW) if configured. 

	CBGTI
	N
	Indicates the CBG(s) (re)transmitted. Consists of N bits bitmap if CBG is configured.

	PUCCH power control
	2
	

	PUCCH resource indicator
	2
	Indicate timing between DL data reception and corresponding acknowledgement.

	Antenna port(s)
	5
	The antenna ports to receive, if the antenna ports field jointly encoded with number of layers, its field could be 7 bits. 

	number of layers
	3
	The number of layers to receive

	QCL indication
	3
	Beam indication to indicate QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel at least w.r.t. spatial QCL parameter

	SRS triggering request
	1
	To trigger an SRS transmission in the uplink.

	RNTI
	16
	Identity of the UE (or group of UEs)



UL-related DCI field is showed below:
	Field
	bits
	Notes

	Carrier indicator
	4
	for cross-carrier scheduling

	Frequency-domain PUSCH resources - PRBs
	
	Resources in the frequency domain

	Time domain PUSCH resources
	8
	Resources in the time domain, including cross-slot scheduling

	MCS
	5
	Modulation and coding scheme per TB. 

	New data indicator
	1
	For one TB, multiple bits if we have multiple TBs

	Redundancy version
	2
	For one TB, multiple bits if we have multiple TBs

	HARQ process number.
	3~4
	HARQ process number

	CBGTI
	N
	Indicates the CBG(s) to (re)transmitted. Consists of N bits bitmap if CBG is configured.

	PUSCH power control
	2
	　

	SRS resource indicator (SRI)
	3
	To indicate a reference SRS resource(s) from a previous bundle of transmitted SRS resources. The UE should use the precoder on the indicated reference SRS resource(s) for PUSCH. FFS if subband SRI is supported.

	wideband and/or subband TPMI
	~10
	To select a transmit precoding matrix from the UL codebook

	Transmission Rank Indicator
	2
	　

	Antenna port(s), scrambling identity (FFS)  and number of layers
	3　
	[bookmark: _GoBack]　

	CSI report triggering request, 
	3
	To trigger a CSI report

	CSI measurement request
	3
	CSI-RS indication (including IMR)

	SRS triggering request
	3
	To trigger an SRS transmission in the uplink.

	RNTI
	16
	Identity of the UE (or group of UEs)


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 compact scheme shall be considered for the resource 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 assignment field should be UE-specific configured instead of fixed and linked to the system bandwidth. FFS on how to configure the RBG size and RA type in a UE-specific way.
Proposal 3: Indication of additional DMRS for PDSCH demodulation should be included for NR DCI.
Proposal 4: The BWP activation/deactivation should be added in NR DCI.
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