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1 Introduction

This contribution captures offline email discussions regarding DCI format, content and size, and summary with proposals from email discussions. 
2 Discussion
(1) Support of transmission scheme corresponding to TM6, and TM9

A. To support transmission scheme corresponding to TM 6: two fields are added in addition to DL grant for unicast PDSCH for TX diversity

i. TPMI information for precoding (2 for 2 antenna ports, 4 for 4 antenna ports)

ii. PMI confirmation for precoding

 Q1. Is this acceptable, or any other change is needed?

	Company
	Comments

	Ericsson
	It is sufficient to include TPMI and PMI in DCI for TM6 for LC/CE UEs.

	DOCOMO
	· TPMI field is needed
· PMI confirmation for precoding
· In CE mode A, this field is needed
· In CE mode B, whether this field is needed depends on whether support aperiodic CSI feedback and SRS.

	Samsung
	TPMI and PMI for TM6 in Mode A. N/A in Mode B.

	Nokia
	We are OK with the proposal to add TPMI and PMI for TM6

	InterDigital
	We are ok with the proposal

	Sony
	The proposal is acceptable.

	Panasonic
	For mode A, the two fields are added.

For mode B, if PMI is available by some means (CSI/RRC feedback), we support to add.

	LG
	We support the proposal.

	Sequans
	OK

	ZTE
	For mode A, we are OK with the proposal.

For mode B, depending on the decision of CSI.

	Intel
	For CE mode A: TPMI and PMI confirmation fields are added

For CE mode B: TPMI only.

	ALU
	Ok with the proposal

	Huawei, HiSilicon
	TPMI is needed for support of TM6 for both modes.

PMI confirmation depends on the support of A-CSI and we prefer not to have this in mode B.


B. To support transmission scheme corresponding to TM 9: 

i. Q2: Is one field of “antenna port(s), scrambling identity (2bits)” is needed in additional to DL grant for unicast PDSCH for TX diversity? 

ii. Q3: any other change is needed?

	Company
	Comments

	Ericsson
	It is sufficient to include “antenna port(s), scrambling identity (2bits)” in DCI for TM9 for LC/CE UEs

	DOCOMO
	· “antenna port(s), scrambling identity” is needed and size can be compressed to 2 bits

	Samsung
	TBD for number of DMRS scrambling ID bits, if any for Mode A. 

No DMRS scrambling identity bits for Mode B.

	Nokia
	We are OK with the proposal to add one field of “antenna port(s), scrambling identity (2bits)” for TM9

	InterDigital
	Ok with the proposal

	Sony
	Proposal in Q2 is acceptable.

	Panasonic
	For mode A, “antenna port(s), scrambling identity (2bits)” is indicated in DCI.

For mode B, it can be signalled by RRC configuration to minimize the DCI overhead.

	LG
	We support the proposal

	Sequans
	Q2: yes, these fields are needed 

	ZTE
	2 bits to indicate for mode A or mode B

	Intel
	OK to add 2-bit field.

	ALU
	Q2 supported

	Huawei, HiSilicon
	Same view with Nokia


(2) DCI format scheduling RAR:

Q4: Same DCI format scheduling unicast PDSCH with transmission scheme corresponding to TX diversity is used or different one is used.

Q5: If different one is used, please list DCI fields need to be changed or any other DCI format should be based on (e.g., DCI scheduling paging)?
	Company
	Comments

	Ericsson
	The same DCI format is used for RAR as for unicast PDSCH.

	DOCOMO
	· We don’t see the motivation to define another DCI format to schedule RAR. At this stage, we prefer to use the same DCI formation scheduling the unicast PDSCH

	Samsung
	Several fields in DCI for unicast PDSCH are N/A in DCI for RAR – no reason for unnecessary overhead - DCI for RAR is always based on DCI for PDSCH in Mode B

	Nokia
	Same DCI format is used as for unicast PDSCH

	InterDigital
	The same DCI format is used for RAR and unicast PDSCH.

	Sony
	Same DCI format for unicast PDSCH at least in Mode A.

	Panasonic
	We propose 2nd CSS and 3rd SS are same search space. As a result, DCI formats for scheduling RAR and unicast TxD PDSCH are same to limit the BD number

	LG
	The same DCI format is used for RAR as for unicast PDSCH.

	Sequans
	Prefer to have one format 

	ZTE
	Different

DCI scheduling RAR refers DCI scheduling Paging

	Intel
	Prefer to use same DCI format as for paging.

	ALU
	Same DCI format is used as for unicast PDSCH

	Huawei, HiSilicon
	The same DCI format can be used for DCI for RAR and DCI for unicast PDSCH


(3) DCI format scheduling SI update and other emergency data: 

Q6: What are the fields to be included in case of S_flag = FALSE, one bit of SI update, ETWS, CMAS, EAB would be sufficient or any other information or changes? It is assumed that the rest of bits would be set to ‘0’ assuming the same size of DCI is used regardless of S_flag = FALSE or TRUE. 
	Company
	Comments

	Ericsson
	Notification bits are required for SI update, ETWS, CMAS and EAB.

	DOCOMO
	· MPDCCH repetition number should be included
· How to utilize the remaining bits for the indication of SI update, ETWS, CMAS, EAB or other usage may depend on RAN2 discussion 

	Samsung
	No need to include MPDCCH repetition number in DCI for paging
FFS on notification bits

	Nokia
	Include bits for SI update, ETWS, CMAS and EAB

	InterDigital
	Include four bits for SI update, ETWS, CMAS and EAB. No need M-PDCCH repetition number since there is no associated PDSCH.

	Sony
	Apart from notification bits (i.e. 4 bits for each of SI update, ETWs, CMAS & EAB), if additional bits are available it is useful to indicate which SI has changed to save UE from having to read all Sis.

	Panasonic
	We think it is better to discuss this in RAN2 as what contents is more suitable is rather RAN2 expertise.

	LG
	For SI update and other emergency data, DCI contents include S_flag (1 bit), SI update (1 bit), ETWS (1 bit), CMAS (1 bit), and EAB (1 bit). Zero padding is used to align DCI size to DCI contents for paging message scheduling.

	Sequans
	Prefer an indication to which SI that was updated. This is read if SI update bit is on. So no more than 4 bits for SI identity and SI update bit = total of 5 bits should be enough for this.

Not having this will have negative effect on UE power consumption

	ZTE
	M-PDCCH repetition number is needed.
Zero padding is used to align DCI size of S_flag= true

	Intel
	1 bit each to indicate SI update, ETWS, CMAS, EAB.

	ALU
	ETWS, CMAS and EAB are sufficient

	Huawei, HiSilicon
	Include bits for SI update, ETWS, CMAS and EAB; The flag is indicated by implicit manner. The other bits can be the duplicated bits of SI update, ETWS, CMAS and EAB to improve performance.


(4) Number of DCI format monitored for scheduling unicast PDSCH by a UE at a given time:

Q7: Can be always assumed that a UE can monitor only one DCI format (different based on transmission scheme configured)?

Q8: If not, elaborate the use case and which DCI format should be monitored additionally?
	Company
	Comments

	Ericsson
	LC/CE UE is only required to monitor a single DCI format at a time.

	DOCOMO
	If this question is meant by monitoring only one DL grant DCI format, our views are as follows.
· For TM 1 and TM 2, only one DL grant DCI format is supported e.g., optimized DCI 1A for MTC
· To support transmission schemes in TM 6/ TM9, additional fields may be required on the basis of the basic DL grant (e.g. optimized DCI 1A for MTC).  Whether only one DL grant DCI format is supported depends on the size of these additional fields. If the size of additional fields is quite small, then only one DL grant DCI format is supported. Otherwise, two DL grant DCI formats can be considered (the basic DCI format e.g., optimized DCI format 1A is applied when transmission schemes in TM6/TM9 are not used and the other one e.g., optimized DCI format 1B/ 2C is applied for the case when transmission schemes in TM6 /TM9 are applied). 

	Samsung
	Single DCI format size (depending on configured TM for DL) per scheduling instance.
Multiple RNTIs can exist.
At least a DL unicast DCI format, one or more DL group-cast DCI formats (e.g. DCI 3/3A for TPC or new DCI format UE-group HARQ-ACK), and an UL DCI format. Differentiation is by flag or by RNTI. 

	Nokia
	UE only monitor one DCI format at a time, but multiple RNTIs can exist

	InterDigital
	A single DCI is monitored at a time.

	Sony
	We would expect apart from DCI for PDSCH UE should also monitor DCI for PUSCH at least in Mode A.

	Panasonic
	Yes. DCI formats for different TMs are different. Only one DCI format scheduling unicast PDSCH is monitored in one given search space depending on TM. The TM independent DCI format may be required for fall-back operation.

	LG
	To reduce UE complexity and LLR buffer size, in USS, a UE can monitor one DCI size based on configured transmission scheme for PDSCH. 

	Sequans 
	Our preference is to monitor only one DCI format       

	ZTE
	Prefer single DCI format

If the size of additional fields is small, additional fields of TM6/9 are added as part of M1A.

	Intel
	Only a single DCI size is monitored at a time.

	ALU
	A single DCI is monitored at a time.

	Huawei, HiSilicon
	One DCI format size at a time


(5) UE-specific scheduling via CSS: to allow reconfiguration of CE level, transmission schemes, etc, 

Q9: A UE can be configured to monitor C-RNTI based DCI format in CSS?

Q10: If so, what DCI format should be assumed for such a case?

Q11: If not, how reconfiguration of CE level, transmission scheme would work?
	Company
	Comments

	Ericsson
	Rel-13 LC/CE UEs do not support UE-specific scheduling via CSS.

	DOCOMO
	· In our view, USS-based reconfiguration should be sufficient. If UE-specific scheduling via CSS is supported, then MTC UEs are required to monitor the CSS and USS simultaneously during the normal transmission which may increase the complexity. Therefore, we prefer not to schedule UE-specific data via CSS.

	Samsung
	C-RNTI in CSS is not needed. Non-C-RNTI in USS is needed. In the end, it is a matter of terminology as the narrowbands of CSS can be the same as for USS. 

	Nokia
	No. The reconfiguration of CE level is achieved by a periodically transmitted superset of repetition levels, which includes larger repetition levels than the configured repetition levels for UE to monitor normally.

	InterDigital
	No support of C-RNTI in CSS.

	Sony
	Unclear why this CE level change needs to be done via CSS. Reconfiguration of CE level, transmission scheme should be done via RRC reconfig by sending a RRC message scheduled by the USS.  

	Panasonic
	Q9: Yes.

Q10: DCI format for scheduling unicast TxD PDSCH is used. If TM independent DCI is supported, it is aligned with such DCI. If TM dependent DCI only, it is aligned with TM dependent DCI.

	LG
	For reconfigurations such as max R of M-PDDCH and transmission mode, a UE can monitor C-RNTI based DCI in CSS. In this case, DL grant for unicast PDSCH scheduling for TX diversity can be utilized. 

	Sequans
	No strong preference 

	ZTE
	UE is not required to monitor C-RNTI based DCI in 1st, 2nd CSS. 

Reconfiguration is in 3rd SS or USS. 

	Intel
	Q9: Yes, UE monitors C-RNTI/TC-RNTI based DCI format in CSS only in the “3rd SS” as last part of the RA procedure. 

Q10: DCI format can be same as for unicast PDSCH for TX diversity or that used for HARQ-ACK feedback in response to Msg3 transmission. 

Q11: Reconfiguration of CE level is straightforward if radio conditions improve; reconfiguration of CE level in case radio conditions worsen significantly and suddenly can be handled via connection reestablishment; no need to increase UE complexity and define additional UE behavior to monitor CSS for any reconfiguration. Reconfiguration of transmission scheme should be straightforward, based on dedicated RRC signaling scheduled via USS.

	ALU
	No strong preference

	Huawei, HiSilicon
	USS and CSS are just different terms. We have the same view with Ericsson.


(6) DCI format conveying PUSCH HARQ-ACK to multiple UEs 

Q12: Whether to support a DCI format conveying PUSCH HARQ-ACK to one or multiple Ues. If supported, please elaborate the design (e.g., DCI size with field size, how to configure (also in relation to monitored M-PDCCH narrowband region(s))?

	Company
	Comments

	Ericsson
	Rel-13 LC/CE Ues do not support PUSCH HARQ-ACK to multiple Ues.

	DOCOMO
	· Do not support a DCI format conveying PUSCH HARQ-ACK to multiple Ues

	Samsung
	Either asynchronous UL HARQ or DCI format conveying HARQ-ACK for one or more Ues is necessary. 

Both ACK and NACK need to be indicated by DCI transmission. 

	Nokia
	Do not support a DCI format conveying PUSCH HARQ-ACK to multiple Ues

	Sony
	Should support non-adaptive PUSCH HARQ feedback in DCI for single UE.

	Panasonic
	If SPS is supported, the DCI is needed. The size and usage is similar as DCI format 3/3A.

	LG
	If asynchronous PUSCH-HARQ ACK transmission is adopted, PUSCH HARQ-ACK for multiple Ues may not be necessary.

	Sequans 
	Only support PUSCH HARQ-ACK feedback to single UE

	ZTE
	Not support

	Intel
	DCI format for PUSCH HARQ-ACK to multiple UEs is not supported.

	ALU
	Same view as LG

	Huawei, HiSilicon
	For Msg3, we think it is necessary to support DCI format conveying HARQ-ACK for more UEs to reduce control channel overhead.


(7) DCI format conveying TPC commands for LC/CE UEs. 

Q13: Whether to support DCI 3/3A type of TPC commands, if supported, it is assumed that the size would be same to unicast UL grant.
	Company
	Comments

	Ericsson
	We are ok to support DCI format 3/3A type of TPC commands, at least in CE mode A.

	DOCOMO
	· We are fine to support DCI format 3/3A type of TPC commands in CE mode A

	Samsung
	DCI 3/3A is supported in CE Mode A. 

	Nokia
	Support DCI 3/3A in CE Mode A

	InterDigital
	Ok to support DCI 3/3A for CE Mode A

	Sony
	Support for Mode A.  We expect Mode B UE to transmit at max power.

	Panasonic
	Yes, it is supported. And the size is same as unicast UL grant.

	LG
	TPC commands transmission by CSS is supported in CE Mode A. DCI size of TPC is same with size of DL grant for Tx diversity.

	Sequans 
	OK to support

	ZTE
	For mode A, DCI 3/3A could be used for a group TPC and the size of DCI 3/3A can be same as DCI format M1A. The SS of DCI 3/3A could be same as the 3rd SS. 
For mode B, DCI 3/3A could not be supported since maximum power always be used.

	ALU
	Support DCI 3/3A in CE Mode A

	Huawei, HiSilicon
	In CE mode A, support DCI format 3/3A. 


3 Proposals
(1) Support of transmission scheme corresponding to TM6, and TM9

A. To support transmission scheme corresponding to TM 6: two fields are added in addition to DL grant for unicast PDSCH for TX diversity

i. TPMI information for precoding (2 for 2 antenna ports, 4 for 4 antenna ports)

ii. PMI confirmation for precoding

 Q1. Is this acceptable, or any other change is needed?
B. To support transmission scheme corresponding to TM 9: 

i. Q2: Is one field of “antenna port(s), scrambling identity (2bits)” is needed in additional to DL grant for unicast PDSCH for TX diversity? 

ii. Q3: any other change is needed?

Proposals for TM6/TM9 support:

To support transmission scheme corresponding to TM6,

· In CE mode A, TMPI and PMI confirmation fields are added to M1A

· In CE mode B FFS among

· Option 1) Same as CE mode A i.e., TMPI and PMI confirmation fields are added to M1B

· Option 2) Not support transmission scheme corresponding to TM6 

· Option 3) Only add TMPI to M1B

To support transmission scheme corresponding to TM9

· Add 2 bits for antenna ports and scrambling identity to M1A

· For CE mode B, FFS between
· Option 1) UE-specific RRC signalling of antenna ports and/or scrambling identify

· Option 2) Same signalling as CE mode A i.e., 2 bits for 2 bits of antenna ports and scrambling identify is added to M1B

(2) DCI format scheduling RAR:

Q4: Same DCI format scheduling unicast PDSCH with transmission scheme corresponding to TX diversity is used or different one is used.

Q5: If different one is used, please list DCI fields need to be changed or any other DCI format should be based on (e.g., DCI scheduling paging)?

Proposal for DCI for RAR:
· Same DCI format of M1A or M1B is used for DCI scheduling PDSCH containing RAR depending on repetition/CE level 
(3) DCI format scheduling SI update and other emergency data: 

Q6: What are the fields to be included in case of S_flag = FALSE, one bit of SI update, ETWS, CMAS, EAB would be sufficient or any other information or changes? It is assumed that the rest of bits would be set to ‘0’ assuming the same size of DCI is used regardless of S_flag = FALSE or TRUE. 

Proposal for M-PDCCH for SI update
· Notification bits are required for SI update, ETWS, CMAS and EAB.
· S_flag is 1 bit 

· The size of M-PDCCH scheduling PDSCH containing paging and M-PDCCH indicating SI update and/or ETWS/CMAS is assumed to be same (including necessary padding) 

· Details of M-PDCCH indicating SI update and/or ETWS/CMAs is up RAN2
(4) Number of DCI format monitored for scheduling unicast PDSCH by a UE at a given time:

Q7: Can be always assumed that a UE can monitor only one DCI format (different based on transmission scheme configured)?

Q8: If not, elaborate the use case and which DCI format should be monitored additionally?

Proposal for monitoring number of DCI sizes 
· It is assumed that a UE is required to monitor only one DCI size at a time

· FFS details

(5) UE-specific scheduling via CSS: to allow reconfiguration of CE level, transmission schemes, etc, 

Q9: A UE can be configured to monitor C-RNTI based DCI format in CSS?

Q10: If so, what DCI format should be assumed for such a case?

Q11: If not, how reconfiguration of CE level, transmission scheme would work?

Proposal for C-RNTI monitoring in non-USS:

· A UE can be configured to monitor C-RNTI based DCI format (M-PDCCH for unicast PDSCH and/or PUSCH) in non-USS depending on SS design

· Assuming UE complexity should not be increased further to support this (i.e., the same DCI size to 3/3A is assumed)
(6) DCI format conveying PUSCH HARQ-ACK to multiple UEs 

Q12: Whether to support a DCI format conveying PUSCH HARQ-ACK to one or multiple Ues. If supported, please elaborate the design (e.g., DCI size with field size, how to configure (also in relation to monitored M-PDCCH narrowband region(s))?

Proposal for adaptive HARQ-ACK for PUSCH: 

· FFS on PUSCH HARQ-ACK to one or multiple UEs

(7) DCI format conveying TPC commands for LC/CE UEs. 

Q13: Whether to support DCI 3/3A type of TPC commands, if supported, it is assumed that the size would be same to unicast UL grant.

Proposal for TPC:

· TPC commands based on DCI format 3/3A is supported in CE mode A
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