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Work plan related evaluation
1.1
History

	TSG meeting #
	TSG Tdoc number of status report
	TSG Tdoc of WI/SI description sheet as approved by TSG (if any)
	overall level of completion as decided by TSG for the
SI / 
Core part / 
Testing part
	completion date
as decided by TSG for the
SI / 
Core part / 
Testing part
	overall level of completion as decided by TSG for the
Perf. part
	completion date
as decided by TSG for the Perf. part

	RAN 75
	WI/SI started
	RP-170796
	0%
	June 2018
	<0%>
	Dec 2018

	RAN 76
	RP-171442
	RP-171489
	0%
	June 2018
	<0%>
	Dec 2018

	RAN 77
	RP-171627
	RP-171489
	0%
	June 2018
	<0%>
	Dec 2018

	RAN 78
	RP-172717
	RP-172845
	10%
	June 2018
	<0%>
	Dec 2018

	
	
	
	
	
	
	


NOTE:
The table covers all TSG meetings from the start of the WI/SI but not the current RAN meeting.
Please indicate the RAN Tdoc numbers for the WI/SI description sheets in the 3rd column above as link to the 3GPP server, i.e. ftp://ftp.3gpp.org/tsg_ran/TSG_RAN/TSGR_xx/Docs/RP-xxnnnn.zip.
1.2
Status at this TSG meeting
NOTE:
This status reflects the conclusion of the leading WG (e.g. achieved by email). In case there was no consensus a corresponding range has to be provided and reason for missing consensus has to be mentioned. If this status report covers Core and Perf. part, then the rapporteur may have to contact 2 WGs (one for the Core and RAN4 for the Perf. part).
1.2.1
Estimated level of completion of the work/study item

overall (mandatory to be provided):

Core part:


30 %








RAN4 Perf. part:

0 %








RAN6 Perf. part:

XXX %








RAN5 Testing part:

XXX %








SI:



XXX %

NOTE:
Please leave the XXX for lines that are not applicable for this status report.
per WG (mandatory to be provided) for Core part or SI:
RAN WG1:

20%










RAN WG2:

50%










RAN WG3:

XXX%











RAN WG4:

10%











RAN WG5:

XXX%











RAN WG6:

XXX%

NOTE:
Please leave the XXX for lines that are not applicable for this status report.

additional comments:



1.2.2
Estimated completion date of the work/study item
This SI is planned to be 100% complete in:



<e.g. March 1x>
which is:
RAN #XX

The Core part WI is planned to be 100% complete in:


June 18

which is:
RAN #80
The Performance part WI is planned to be 100% complete in:
Dec 18

which is:
RAN #82
The Testing part WI is planned to be 100% complete in:

<e.g. March 1x>
which is:
RAN #XX

NOTE:
Please leave the XX for lines that are not applicable for this status report.

additional comments:




1.2.3
Future time budget situation (not applicable to RAN5 WIs/SIs)
	Do you want to modify the time budget for this WI/SI compared to what was endorsed at the last RAN meeting?
	No


If you answered No:
Then please remove the Excel file from the zip file of this status report.
If you answered Yes:
Then please fill out the attached Excel template to request a modification of the time 

budgets for your WI /SI. The Excel table has to be filled out for all affected RAN WGs and 

up to the target date of the WI/SI. The basis are the endorsed time budgets of the last 

RAN meeting. Please highlight all changes of the values.


One time unit (TU) corresponds to ~ 2 hours in the meeting.


If this status report covers a WI with Core and Performance part, then please have one 

line for each in the attached Excel table.


Note: If no Excel table is attached, then this means no time budget change.

additional explanations/motivations for the time budget changes in the attached Excel table:

2.
Technical status related evaluation
2.1
Detailed progress report since last TSG meeting (for all involved WGs)
NOTE:
A good progress report lists what was done for each open issue in all affected WGs.
2.1.1
Progress of the SI or Core part WI or Testing part WI
After RAN1 #91 over the RAN1 reflector

Agreement: Adopt following for link level simulation assumptions for LTE URLLC

	
	Urban Macro–URLLC
	Indoor Hotspot-eMBB

	Channel model
	NLOS: TDL-C in TR 38.901

LOS: TDL-E in TR 38.901
	NLOS: TDL-A in TR 38.901

LOS: TDL-D in TR 38.901

	Delay spread scaling parameter[image: image1.png]



	LOS: 93ns

NLOS: 363ns
	LOS: 20ns

NLOS: 39ns

	UE speed
	3km/h, 30km/h
	3km/h

	Transmission mode for PDSCH
	TM2 as baseline.

	DL control payload in simulation for PDCCH/SPDCCH
	Companies report their assumptions.

	UL control payload in simulation for PUCCH/SPUCCH
	A single carrier (using a single TTI length in each direction), single codeword for PDSCH is assumed as the baseline

	Processing time line
	Companies report their assumptions.

	SINR range
	A range including 5th percentile downlink/uplink SINR in system level simulation

	Latency bound
	1ms, 10ms

Companies report delay assumptions according to table X

	Sub-carrier spacing
	15kHz

	TTI length
	Subslot (2 or 3 symbols per TTI), slot (7 symbols per TTI, 0.5ms), 1ms TTI (14 symbols per TTI, 1ms)

Other values are not precluded (companies report if other value is used)

	Number of UEs
	1 UE (other UE numbers are not precluded)

	Channel estimation
	Practical

	Receiver type
	MMSE


                                      Table X Latency analysis for URLCC

	Step 
	Description 
	Value 

	1.0
	Scheduling request and scheduling for uplink transmission
	

	1.1
	Transmitter Processing Delay 
(eNB for DL; UE for UL)
	

	1.2 
	Frame Alignment
	

	1.3 
	Data channel transmission durationnote
	

	1.4 
	Receiver Processing Delay 
	

	1.5
	HARQ Retransmission 
	

	
	Total one way delay [ms] 
	


Note: This includes the potential blind/HARQ-less repetitions.
Agreement: Use the following in link level simulations

	BS TX antenna configuration
	2 TX ports


Agreement: Use the following in link level simulations

	Link adaptation for PDSCH
	Disabled as baseline.

Companies report if link adaptation is used.


Agreement: The derivation of overall data reliability is down-selected between following options:

Option 1: The reliability of each channel are evaluated independently by link level simulation. The overall reliability is computed analytically based on the reliability obtained in link level simulation (companies report their details in analysis).

Option 2: The reliability of the (S)PPDCCH and PDSCH are evaluated jointly by link level simulation, and independently for other channels. The overall reliability is computed analytically based on the reliability obtained in link level simulation (companies report their details in analysis).

Agreement: Use the following in link level simulations

	BS RX antenna configuration
	2/4 Rx ports

	UE TX antenna configuration
	FFS:
· 1TX port as baseline, 2 TX ports as optional
or
· 2 TX ports

	UE RX antenna configuration
	2RX ports as baseline, 4RX as optional for 700 Mhz.
FFS for 2 GHz
· 2 RX ports as baseline, 4 RX ports as optional
or
· 4 RX ports


Agreement: Use the following in link level simulations

	Modulation and coding rate
	A subset of existing LTE MCS set in Table 7.1.7.1-1 used as baseline. FFS the entries of the subset.
The use of other MCSs with lower code rate is not precluded


Agreement: Use the following in link level simulations

	System bandwidth
	20 MHz

	Resource allocation
	Companies report

Up to 20 MHz


Agreement: The TXRUs per TRxP for eNB in the Hotspot scenario is mapped as (Mp,Np,P,Mg,Ng) = (4,4,2,1,1).
Agreement: The following parameters and their associated values should be considered in the system-level evaluation of LTE URLLC in an indoor scenario:

	Parameters
	Value
	Parameters
	Value

	Carrier frequency for evaluation
	2 GHz
	UE speeds of interest
	100% indoor, 3 km/h

	BS antenna height
	3 m
	Inter-site interference modeling
	Explicitly modelled

	Total transmit power per TRxP
	24 dBm for 20 MHz bandwidth

21 dBm for 10 MHz bandwidth
	BS noise figure
	5 dB

	UE power class
	23 dBm
	BS antenna element gain
	5 dBi

	Number of UE antenna elements
	1 Tx/Rx, (M,N,P,Mg,Ng) = (1,1,1,1,1)
0° polarization

NOTE: For the purpose of Q derivation
	UE antenna element gain
	0 dBi

	UE mobility model
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction
	Thermal noise level
	-174 dBm/Hz

	UE antenna height 
	1.5m
	Traffic model
	Full buffer

	UL PUCCH power control parameters
	P0, subframe-PUCCH = -116

P0, slot-SPUCCH         = -113

P0, subslot-SPUCCH   = -108
	Device deployment
	100% indoor
Randomly and uniformly distributed over the area

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)
	UL PUSCH power control parameters
	α=1.0, P0, PUSCH=-106dBm



	Beam forming
	Ideal
	Bandwidth allocation
	PUSCH: Equal bandwidth

PUCCH: 1 RB (To get a full load SINR for PUCCH, the same mutual interferers as for PUSCH are assumed but on a bandwidth of 1 RB)

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
	 


Agreement: For the system-level evaluation of LTE URLLC in an indoor scenario, consider the channel model described in 3GPP TR 38.901 (also known as model B in ITU Eval. document).

Agreement: The averaged magnitude squared of the channel coefficients over time and frequency should be used as the average path gain for each link.

Agreement: Assume a single CC of 20MHz for system-level simulations for the system-level evaluation of LTE URLLC in an indoor scenario.

Agreement: Consider a UE noise figure of 9dB.

Agreement: The wrap-around is not considered for the evaluation of LTE URLLC in an indoor scenario.

Agreement: The UE density is 10 UEs per TRxP, which are uniformly and randomly distributed throughout the geographical area.

Agreement: 3 TRxP per site with mechanical tilt of 110 degrees in GCS, and electrical tilt of 90 degrees in LCS.

Agreement: The TRxP boresight 30/150/270 degrees.

Agreement: The inter-site distance follows the deployment shown in Figure A.2.1-1 in 3GPP TR 38.802.

Agreement: The minimum UL UE power is -40 dBm

Agreement:
The following Q-values (5th percentile SINR) is adopted for URLLC for LTE:

	
	Q [dB]

	DL SINR
	-2.6

	PUSCH
	TBD

	Subframe-PUCCH
	-4.1

	Slot-PUCCH
	-2.8

	Subslot-PUCCH
	-1.7


Agreements:
For deriving the Q-value (5th percentile SINR) for PUSCH, the resource allocation scheme adopted shall be down-selected at RAN1#92:

1) 10 consecutive PRBs are randomly allocated to each UE

2) The resource allocation should aim at averaging interference in the network (compared to 1) ). The method can make use of measured SINR/interference levels, with details left up to each proponent.

NOTE: Companies are encouraged to provide Q-value using both approaches as input to RAN1#92, to be able to agree on a final Q-value.
RAN1#92
Agreement: 
Use the following in link level simulations

	Modulation and coding rate
	IMCS={0,3} (see 3GPP TS 36.213, table 7.1.7.1-1 and table 8.6.1-1)
The use of other MCSs is not precluded

	Packet size
	32 bytes at Layer 2 PDU as a baseline for the 1 ms latency bound

32 and 100 bytes at Layer 2 PDU as a baseline for the 10 ms latency bound

	UE TX antenna configuration
	1TX port as baseline

	UE RX antenna configuration
	2/4 RX ports for the 2 GHz case


Agreement:
Only the Q-values derived for the macro scenario are used for link-level evaluations
Agreement: 

The reliability of each channel are evaluated independently by link level simulation. The overall reliability is computed analytically based on the reliability obtained in link level simulation (companies report their details in analysis). When repetitions/retransmissions are used, the performance for PDSCH/PUSCH with repetitions/retransmissions is evaluated in a single simulation where correlations in the channel for the different repetitions is modelled.
Agreement:
Q values used for PUSCH for macro scenario is 2.5 dB. 

Note: The Q value used was derived based on an average of interference over time with the nodes in the network using a proportional fair scheduler.

Agreement:
The following PUCCH formats are used as a baseline in the evaluations 

· PUCCH format 1a 

· Slot-sPUCCH format 1b

· Subslot-sPUCCH format 1b
Agreement:
There is no need to consider solutions that enable transmission by the eNB of a single PDCCH/sPDCCH candidate over more than 16 CCEs/sCCEs.

Agreement:
One or more of the following solutions are needed for DL control for URLLC operation

· A reduced size/compact DCI is needed for URLLC operation

· Study the design of reduced size/compact DCI. The studies should at least include the use of 

· reduced resource allocation

· reduced MCS signaling overhead

· Use of multiple PDCCH/sPDCCH for URLLC operation

· Study whether the multiple PDCCHs are repetitions that need to be combined to decode a single PDCCH 

· Study whether the DCI contents need to be the same across the multiple PDCCH assignments

· Use aggregation level greater than 8

· Study PDCCH candidate aggregation or definition of a single candidate with a higher aggregation level

Agreement: 

Study the effect of false alarm rate on the URLLC performance. Candidate techniques to solve the issues (if identified) may (beside others) include using larger CRC size as well as using (a-priory) known information field content.

Agreement:
Changes to the frame structure and TTI length are not considered in this work item.

Agreement:
One or more of the following solutions for DL data are needed for URLLC operation 
· blind/HARQ-less PDSCH repetition in different TTIs
· Consider the following variants
· Variant 1: dynamic indication of the PDSCH repetition factor in DCI
· Variant 2: semi-static configuration of the PDSCH repetition factor over RRC
· Variant 3: independent PDSCH assignment for each PDSCH transmission
· Variant 4: combination of semi-static and dynamic indication (combination of variants 1 and 2)

· Study if and how PDSCH repetition can be combined with TTI level FH. 

· URLLC PDSCH MCS design/operation

· Consider the need for URLLC PDSCH MCS design considering other candidate techniques such as blind/HARQ-less PDSCH repetition as well as the compact DCI design.

· Study the following aspects

· the MCS range for URLLC operation e.g. support of lower MCS, maximum supported MCS

· Combination of MCS with other information e.g. RV, number of repetitions

· URLLC related CQI enhancements
· Consider CQI definition
· lower target BLER(s) for URLLC CQI/CSI

· the CQI relation with lower PDSCH MCS and/or PDSCH repetition.
· Consider CQI reporting enhancements 
· Note: The need for preemption techniques can also be discussed
Agreement:
The work item supports blind/HARQ-less repetition for PDSCH in different TTIs.

FFS: Details among the four identified variants and including UE capability

Conclusion:

The impact of blind/HARQ-less PDSCH repetitions on RAN1 specification is at least:

· clarification that a retransmission can occur back to back with the initial TB transmission 
· UE capability and RRC configuration to enable repetitions
· Possible optimization on how to handle HARQ feedback
· Indication to the UE that the repetitions are applied via DCI or RRC configuration

Agreement: 
Study PUSCH repetition (on TTI level) as one key UL SPS enhancement for URLLC and study further how to realize it. The studies should at least include indication of the repetition factor in the activation DCI, higher layer configuration of the repetition factor and combining PUSCH repetition with TTI level FH.
Agreements:
For LTE URLLC operation, at least an UL SPS repetition configuration is supported where a UE can start the initial transmission of a TB at any (s)TTI

Agreement:
RAN1 should strive to design a UL SPS repetition scheme where the number of repetitions K is guaranteed under certain conditions related to collision with e.g. new data arrival or scheduled PUSCH. The so far identified issues to solve are:

· Ambiguity of HARQ process between eNB and UE and reception performance because eNB may not know if the received transmission is the first transmission of a new TB or a repetition of a previous TB

· Phase continuity when transmitting SRS or when crossing the subframe boundary

Agreement:
One or more of the following solutions for UL data are needed for URLLC operation 
· blind/HARQ-less PUSCH repetition for scheduled PUSCH in different TTIs
· Consider the following variants
· Variant 1: dynamic indication of the PUSCH repetition factor in DCI
· Variant 2: semi-static configuration of the PUSCH repetition factor over RRC
· Variant 3: independent PUSCH grant for each PUSCH transmission
· Variant 4: combination of semi-static and dynamic indication (combination of variants 1 and 2)

· Study if and how PUSCH repetition can be combined with TTI level FH. 

· URLLC MCS design/operation

· Consider the need for URLLC MCS design considering other candidate techniques such as blind/HARQ-less PUSCH repetition as well as the compact DCI design.

· Study the following aspects

· the MCS range for URLLC operation e.g. support of lower MCS, maximum supported MCS

· Combination of MCS with other information e.g. RV, number of repetitions
· PUSCH TPC enhancements 

· Study the following aspects

· separate TPC loops

· separate TPC parameters 

· sub-band specific TPC
· UL preemption techniques
Agreements:
The following are studied for UL control for URLLC operation
· TPC enhancements

· Different TPC parameters (e.g., P0)
· sTTI length dependent power boosting

· HARQ-ACK state dependent power boosting and constellation mapping

· PUCCH repetition techniques.  

· The need for PUCCH enhancements for URLLC
· Modifications to the beta-offset for UCI on PUSCH
RAN2 #101

Agreements:

1
The PDCP entity transmits duplicated PDCP PDU only when requested by lower layers, as in LTE
2
Support RLC AM for packet duplication via DC for DRB.

3
Support RLC AM for packet duplication via CA for DRB.
4
The same PDCP mechanism for “Data volume calculation” can be used for both CA and DC duplication.
5
For DC case, when PDCP duplication is activated, all PDCP data is reported to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the second RLC entity.
6
For CA case, when PDCP duplication is activated, all PDCP data is reported to the MAC entity which is the same as agreed in NR session.
7
For CA case, when PDCP duplication is configured but not activated, all PDCP data is reported only to the MAC entity associated with the primary RLC entity.

8
Introduce one byte bitmap for MAC CE activation/deactivation of PDCP duplication at least for DRB.
9
Introduce UE capabilities for packet duplication.

Agreements:
1
The UE shall discard packets that have been acknowledged by RLC in the other RLC leg. PDCP should indicate to the other associated RLC entity to discard the corresponding PDCP PDU. RLC procedures and PDCP discard procedures are not impacted by this agreement.

2
For CA and DC upon deactivation of PDCP data duplication, the UE transmitting PDCP entity should indicate to lower layers to discard all PDCP PDUs provided for duplicate transmission to the secondary RLC entity.

Agreements:
1
 At PDCP re-establishment, when retransmitting PDCP SDUs for AM DRBs, duplicated PDUs are submitted to both associated RLC entities when PDCP duplication is activated.
2
 At PDCP data recovery, when retransmitting PDCP SDUs for AM DRBs, duplicated PDUs are submitted to both associated RLC entities when PDCP duplication is activated.
3
For packet duplication via CA, meeting the maximum number of RLC retransmissions for the secondary leg does not trigger RLF.

Agreements:
1
SRB duplication activation/deactivation via MAC CE is not supported in LTE. Once the duplication for SRB is configured, it is always activated.
2
RLC UM split bearer, i.e. two UM mode RLCs configured for one PDCP-config needs to be supported in LTE for the packet duplication. 

3
For DC, when DRB duplication is deactivated via MAC CE, the UE falls back to the split bearer operation. For CA, when DRB duplication is deactivated via MAC CE, the UE falls back to the single RLC operation.
4
RRC can be used to de-configure the packet duplication directly. 
Agreement:
1
Maintain the current LTE prioritization rules for handling MAC CE and LCHs configured with enhanced reliability requirements.

Agreements

1
A variable number of consecutive repetitions in time for SPS UL should be supported and is to be controlled by the eNB through RRC signalling.

2.1.2
Progress of the Performance part WI
NOTE:
Please leave this section empty if not applicable to this status report.
2.2
List of completed elements (compare with open issues of last TSG)
2.2.1
Completed elements of the SI or Core part WI or Testing part WI
· Improved communication reliability and different latency constraints combinations have been identified

· Evaluations scenarios have been identified

2.2.2
Completed elements of the Performance part WI
NOTE:
Please leave this section empty if not applicable to this status report.
2.3
List of open issues
NOTE:
Usually, at the beginning of a WI/SI the list of open issues is copied from the objectives of the WID/SID into this open issues list. Once an open issue is completed it is moved up to section 2.2.
When a WI/SI is 100% complete the list under 2.3 is empty. Otherwise please justify why an open issue is not essential for the WI/SI.
2.3.1
Open issues of the SI or Core part WI or Testing part WI
· Identify solutions to improve communication reliability under different latency constraints for connected mode UEs having a valid timing advance setting, considering that differences in selected high level techniques between NR and LTE should be justified.

· Consider improvements to fulfil the targets in the following areas

· On the physical layer [RAN1, RAN2, RAN4]

· Control channels

· Data channels

· Scheduling procedure

· CSI measurements
· Efficient resource sharing with legacy or non-URLLC UEs
· On higher layers [RAN2]

· Data duplication. Solution will be based on PDCP duplication discussed in NR WI for LTE-NR Dual Connectivity.
· Support methods to provide a sufficiently granular time reference value to a UE from an eNB.

· The mechanism should be applicable on top of LTE 1 ms TTI as well as shortened TTI

· Specify the most promising identified solutions for ultra reliable and low latency LTE communication for data channels and associated control channels and procedures, based on the outcome of Phase 1, targeting connected-mode UEs having a valid timing advance setting [RAN1, RAN2, RAN4]

· For the specified solutions introduce necessary UE and base station core requirements [RAN4]

2.3.2
Open issues of the Performance part WI
NOTE:
Please leave this section empty if not applicable to this status report.
· Specify the necessary UE and base station performance requirements to support highly reliable and low latency communication.

3.
References

NOTE:
This can be e.g. a list of all related Tdocs in the affected WGs since last TSG, references to LSs, produced TRs/TSs, the work/study item description or status reports of previous TSGs.
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