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1
Introduction
3GPP RAN approved a new WI on URLLC support for LTE in [1]. The URLLC for LTE WI targets additional use cases of reliability and latency critical services to be handled by LTE radio. 
The WID in [1] defines two phases, Phase 2 is described as:

Phase 2 (from Nov 2017)

· 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.
· 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]
We focus on the yellow marked part of URLLC for LTE Phase 2, i.e. the identification of candidate techniques to improve the PHY reliability for URLLC being applicable to 1ms TTI, subslot and slot TTI.

In this contribution we structure the discussions in separate sections for the data associated control channels (including PDCCH/EPDCCH/SPDCCH, PUCCH/SPUSCH) in section 2, shared data channels (PDSCH/SPDSCH, PUSCH/SPUSCH) in setion 3 as well as scheduling procedures in section 4. 
For simplicity in this contribution and as the techniques should be applicable to different TTI lengths, the following generic terminology is used in this contribution (to not need to repeat all options in all occasions): 

· ‘PDCCH’ includes PDCCH, EPDCCH and SPDCCH 

· ‘PUCCH’ includes PUCCH and SPUCCH

· ‘PDSCH’ includes PDSCH and SPDSCH (i.e. PDSCH of different TTI lengths)

· ‘PDSCH’ includes PUSCH and SPUSCH (i.e. PDSCH of different TTI lengths)

· ‘DCI’ includes the transmission of any type of DCI formats & RNTIs (DCI/sDCI, DL assignments, UL grants, SPS activation/deactivation, etc.)

2
Control channel reliabilty enhancing techniques 
The overall communication reliability is clearly not only related to the data channel but also to the data associated control channel reliability. We discuss these issues here in the following subsections focusing on DL control channels (DCI/sDCI on PDCCH/EPDCCH/SPDCCH) as well as UL control channels (i.e. PUCCH/sPUCCH).  

2.1 DL control channel 

When looking on ways to improve the detection reliability of DL control information (DCI), the first thing that comes to mind is increasing the redundancy information in the DCI transmission. 

As noted also in some contributions submitted to RAN1#90bis, this could be done by having a smaller DCI size (i.e. compact DCI) and/or spending more resources for transmission (i.e. using a higher AL and/ or repetition of the DCI in time/frequency).
To decrease the DCI size, some fields of the existing DCI formats would need to be removed and/or the field size decreased. For such operation, some higher layer configuration might be needed to reduce the options of DCI fields (i.e. decrease the field size) or replace the required information of the non-URLLC DCI formats. Further discussions will be needed which flexibilty currently given by dynamic scheduling of PUSCH/PDSCH can be restricted (by specification and/or higher layer configuration) or fully removed. 

Looking at the option of spending more resources, the most straightforward solution would be to increase the possible AL beyond of what is currently supported. But this may not be possible without major changes e.g. based on the latest decisions from the shorter TTI work considering certain limitations such as on the number of sREGs in the sUSS for subslot sTTI. 
Another alternative could be the repetition of the DCI (with the same or different content) in the time/frequency domain. Having the same DCI scheduling URLLC-SCH data more than once present in a TTI or multiple TTIs achieves a similar effect than using a higher AL, i.e. f-domain or t-domain repetition of the DCI scheduling dynamically URLLC-PUSCH/PDSCH. Compared to using higher ALs, the blocking propability of such operation could be reduced but the diversity gain is reduced as well. As grant-less (or SPS based) UL is seen as one of the important techniques for URLLC, the activation/deactivation DCI could be simply repeated in several TTIs (i.e. time-domain repetition) to improve the reliabilty of activation (incl. possible parameter change)/ /deactivition of grant-less/SPS based UL operation. 

As noted by some company contributions from RAN1#90bis, the error rate of PDCCH decoding is also limited by the CRC length. We acknowledge this issue and see further studies on the effect of the 16bit CRC on reliabilty as needed. 

Besides the reliability of a given DCI transmitted on PDCCH, there is also the issue of blocking on PDCCH that might need further considerations. Specifically for the shorter TTI operation, the group might consider if some of the restrictions in terms of sUSS (i.e. number of BDs, max. number of sCCEs) should also be applicable for URLLC UEs, or if for URLLC terminals there could be a less restrictive sUSS definition to prevent extensive DL control channel blocking for URLLC services. 

Overall, we would like to summarize our considerations in the following observation:

Observation 1: In terms of DL control operation, the following aspects/techniques should be considered:

· Smaller DCI formats (i.e. compact DCI)

· Higher ALs / repetition of DCI in time &/ frequency domain
· Effect of CRC length on the URLLC performance

· Increased sUSS to reduce the effect of DL control blocking propabilties

2.2 UL control channel 

In general, the same two baseline techniques for reliabilty enhancement as for PDCCH could be also applied for PUCCH, i.e. smaller payload sizes and using more resources. 

PUCCH already now supports some diversity techniques, such as SORTD as well as repetition in time-domain (e.g. for MTC CE Modes A&B) which could be (partially directly) re-used also for URLLC PUCCH operation. Different bundling techniques could be applied to reduce the HARQ-Ack payload size at the cost of increased DL-SCH resource usage.

One should consider what reliabilities are actually required for URLLC UCI as having a ultra-reliabile communication requirement does not automatically mean that UCI needs to be supported with the same reliability requirement:

· As the target BLER for PDSCH (incl. blind repetition) are supposed to be rather low (e.g. 10-4), the propability of having NACK will be low as well. Therefore, any kind of HARQ-Ack errors will only have a minor effect on the overall communication reliability.

· CSI for URLLC may not be that time critical and implementation specific (potentially modified) outer-loop link adaptation can be used to take potential CSI errors (measurement & reporting errors) into account. 
Moreover, the need to overall support P-CSI on PUCCH needs consideration, as (1) SPUCCH is not supporting CSI anyhow and (2) for 1ms PUCCH also supporting CSI on PUCCH is somehow against the principle of decreasing the PUCCH payload size to improve the related reliabilty. Therefore, one might consider to only support (A-)CSI on PUSCH instead.
Specifying CSI for very low target BLER (such as 10-4) seems rather questionable as the testablity of such definition and the value of such CSI definition considering varying interference & resource allocation (including blind repetition) is unclear to us. The eNB may use ‘non-URLLC’ CSI together with back-off and outer loop link adaptation to perform the appropriate link adaptation for URLLC. 

We would like to summarize our considerations in the following observation:

Observation 2: In terms of UL control operation, the following aspects should be considered:

· Required reliabilty for HARQ-Ack considering low BLER PDSCH operation

· Feasibility of URLLC specific CSI

· Need for URLLC CSI on PUCCH

· Reliabilty enhancement techniques such as HARQ-Ack bundling as well as repetition in space/time/frequency domain
· Existing LTE techniques such as bundling, FH, SORTD, repetition could be applicable here.
3
Data channel reliabilty enhancing techniques
The main mechanism to improve the shared channel data reliabilty is to increase redundancy. 

NR supports having K repetitions (denoted also as blind repetition for PUSCH or HARQ-less re-tx for PDSCH) and this is clearly one way which could be adopted for LTE URLLC operation as well.

Moreover, lower MCS in a single transmission instance compared to legacy LTE should be supported, as specifically the URLLC test cases defined now for this WI focus on the 5%ile users in worst case situation there. Combining this with the potential need for compact DCI discussed in the previous section, clearly some changes in the way the MCS/TBS is indicated and the possible variation in terms of spectral efficiencies need to be considered here. 
In [2], it is discussed to use some type of configurable ‘TBS scaling factor’ to put on top of the link adaptation which is clearly one way to decrease the spectral efficiency given by the smallest MCS even further as an alternative to a new/different MCS & TBS tables. But we would like to note here, that such TBS scaling factor only makes sense for the lowest supported legacy MCS, as for higher MCS values with scaling we would again end up with spectral efficiencies already given by the legacy tables. 
To summarize this, some changes to the MCS/TBS framework for PDSCH and PUSCH will be needed. Please note, that lower spectral efficiency PDSCH/PUSCH transmissions within a single transmission instance (TTI) will improve the reliabilty of PDSCH and non-power-limited PUSCH, but will have limitations in case of UE TX power limitation. 
NR introduces pre-emption indication and CBG-based HARQ operation for PDSCH. As also noted in [3], the pre-emption indication for the longer TTI length due to puncturing the shorter (URLLC) data to clear the soft-buffer from punctured data would only be applicable to UEs of Rel.15 and beyond and the motivation for non-URLLC UEs to support this feature is rather limited. Therefore, pre-emption indication should clearly not be the main design mechanism for MBB & URLLC co-existance. The same is equally applicable for CBG-based HARQ operation of non-URLLC data traffic. For URLLC data operation itself, pre-emption is not seen as needed as anyhow the eNB would give higher priority to URLLC data transmissions (over MBB data) and CBG-based HARQ operation for URLLC seems to make not too much sense either, as with the small amount of data discussed (such as 32bytes) the usage of more than one Turbo block is rather improbable. Moreover, CBG-based HARQ operation would increase the size of the PUCCH formats (per CBG-Ack/Nack) and DCI (i.e. CBG-based re-tx indication) which would then lead to a decrease of the related control channel reliabilty (discussed in the previous section). 
To summarize the discussions in this section, we note this in the following observation: 
Observation 3: In terms of data channel operation, the following aspects/techniques should be considered:

· Blind/HARQ-less re-transmission introduced in NR

· Lower spectral efficiency transmissions (MCS & related signaling design is FFS)

Observation 4: CBG-based HARQ operation as well as pre-emption indication introduced in NR seem to be not well suited for LTE eMBB & URLLC coexistance. 

4
Scheduling enhancements for URLLC

LTE supports two basic scheduling/resource allocation mechanisms: dynamic scheduling and SPS-type of resource allocation (including TX skipping). 

For URLLC PUSCH operation, clearly some SPS/grant-less UL (GUL)/autonomous UL (AUL) type of operation will be required in order to decrease the UL-SCH delay due to SR and the scheduling delay. Some changes to the SPS definition will be needed here, as also noted in [2], as there is a need to support blind-repetition also on top of SPS-UL/GUL/AUL which will make the HARQ process definition slightly more challenging (i.e. fixed mapping of HARQ-ID to TTI may not be possible). Therefore, some data associated UL control channel (as specified for feLAA AUL) might be required for grant-less PUSCH operation. 
Moreover, for scheduled URLLC PUSCH/PDSCH operation, enhancements to the scheduling procedure for blind PDSCH/PUSCH re-tx may be considered as a type of multi-TTI scheduling of a single HARQ process (to improve the reliabiltiy of the related DL control). 
Observation 5: The following scheduling related techniques and enhancements should be considered for URLLC for LTE (beside others): 

· UL SPS / AUL type of operation with needed enhancements for URLLC purposes

· Dynamic multi-TTI scheduling enhancements supporting blind/HARQ-less re-transmission 

5
Conclusions

In this contribution we discussed techniques and solutions to improve the commuincation reliabilty for LTE to support URLLC services. The discussions can be summarized in the following observations:

Observation 1: In terms of DL control operation, the following aspects/techniques should be considered:

· Smaller DCI formats (i.e. compact DCI)

· Higher ALs / repetition of DCI in time &/ frequency domain

· Effect of CRC length on the URLLC performance

· Increased sUSS to reduce the effect of DL control blocking propabilties

Observation 2: In terms of UL control operation, the following aspects should be considered:

· Required reliabilty for HARQ-Ack considering low BLER PDSCH operation

· Feasibility of URLLC specific CSI

· Need for URLLC CSI on PUCCH

· Reliabilty enhancement techniques such as HARQ-Ack bundling as well as repetition in space/time/frequency domain
· Existing LTE techniques such as bundling, FH, SORTD, repetition could be applicable here.
Observation 3: In terms of data channel operation, the following aspects/techniques should be considered:

· Blind/HARQ-less re-transmission introduced in NR

· Lower spectral efficiency transmissions (MCS & related signaling design is FFS)

Observation 4: CBG-based HARQ operation as well as pre-emption indication introduced in NR seem to be not well suited for LTE eMBB & URLLC coexistance. 

Observation 5: The following scheduling related techniques and enhancements should be considered for URLLC for LTE (beside others): 

· UL SPS / AUL type of operation with needed enhancements for URLLC purposes

· Dynamic multi-TTI scheduling enhancements supporting blind/HARQ-less re-transmission 
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