3GPP TSG RAN WG1 Ad-Hoc Meeting 1901

R1-1900370
Taipei, Taiwan, 21st – 25th January, 2019 
Agenda Item:
7.2.6.1.1
Source: 
Sony 

Title:
L1 enhancements on PDCCH for URLLC
Document for:
Discussion / decision

1. Introduction 

In RAN1#95 we agreed on the following on layer 1 enhancements:

Agreements:

For link-level PDCCH evaluation, the target operating BLER of DCI(s) scheduling HARQ-less PDSCH/PUSCH should be smaller than 1e-x in Rel-16 NR URLLC, at the 5%-tile SINR geometry.   
· x is the reliability requirement given in the table of representative use case for evaluation agreed in the RAN1#94bis meeting.

· The 5%-tile SINR geometry is obtained by system-level simulation assuming full buffer for a given evaluation scenario.

· This target assumes no HARQ re-transmssion 

Agreements:

· No change of DCI format 0_0/1_0 in CSS from Rel-16 URLLC study item perspective

Agreements:

· To further study DCI for URLLC with a size potentially smaller than that of Rel-15 fallback DCI
· Consider using Rel-15 fallback DCI as a starting point for Rel-16 URLLC DCI

· Target a reduction of at least 10-16 bits compared to Rel-15 fallback DCI

· Companies report how to achieve the DCI size reduction

· The link level performance gain from PDCCH reliability perspective 

· Check at least AL=16 

· PDCCH resource utilization considering all UEs in the cell

· Check AL=1/2/4/8/16 

· If retransmission is feasible with the latency bound, different BLER target can be used

· The PDCCH blocking probability when applicable  

· The performance impact from compact DCI including impact to PDSCH/PUSCH capacity when applicable

· The impact on PDCCH blind decoding/DCI size budget 

· The impact on PDSCH/PUSCH scheduling flexibility 

· At least Rel-15 enabled use cases should be evaluated for the above study

This contribution further discusses enhancements on PDCCH for URLLC.  

2. Discussions

2.1 Compact DCI

In Rel-15, compact DCI was evaluated using link level simulations and it was observed that the gain achieved in reducing a 40 bit DCI by 10 bits was between 0.2 to 1 dB [1].  As noted by several companies [2], [3], [4], considerable effort is required to reduce the DCI size with no significant gain.  In contrast, just repeating and combining the PDCCH twice would achieve 3 dB gain, which has much less specification impacts.

Observation 1: Significant specification effort is required to reduce the DCI size by 10 bits, which provides modest gains of 0.2 to 1 dB.  In contrast, a simple repetition would produce 3 dB gain.

Typically, the DCI format, such as the fields required and their sizes, is discussed and specified toward the end of the WI, since at that point the features and functionalities are clear.  Trying to produce a compact DCI without knowing the final functionalities of the feature may lead to poor design, as new fields may not be introduced into the DCI without exceeding the imposed DCI size.  

Observation 2: Imposing a compact DCI format and size without having a clear picture of the functionalities and features of the WI is like putting the cart before the horse and would lead to suboptimal design.

Proposal 1: The discussion on the design of a new compact DCI format is postponed until the end of the WI when the functionalities and features are agreed. 

2.2 PDCCH Repetitions

Repetition of PDCCH is one of the proposed methods to improve the reliability of PDCCH transmission.  However, some proposals suggested that the repetitive PDCCH samples are not combined [5], [6], where the UE would treat each PDCCH transmission independently.  The gains that can be obtained from repetition without combining are time diversity and frequency diversity if the PDCCH is scheduled using different frequency resources.  The gains that can be obtained from repetition with combining are from soft combining of the repetition samples, time diversity and frequency diversity, if frequency hopping is used on PDCCH.  Since URLLC is of low latency, there is very little or no gain that can be achieved from time diversity by repeating the PDCCH close to each other in time.  

Observation 3: Repetition without combining can obtain its gain from time diversity, which is unlikely to be high since the PDCCH repetition needs to be short in time to meet the low latency requirement of URLLC.

Observation 4: Repetition with combining can obtain its gain from soft combining and frequency diversity.

Hence, it is generally understood that for the same number of repetitions used (i.e. same resources) combining the repetitive samples would offer higher gain than not combining them.  Since the same amount of resources are used whether the repetitions are combined or not, it is a poor use of resources, i.e. highly inefficient, that the repetitions are not combined.

Observation 5: For the same number of repetitions, combining the repetitive PDCCH samples offers higher gain than not combining these repetitive samples.  Hence, not combining repetitive samples is very inefficient use of resources.

One argument for PDCCH repetition is that it can help reduce blocking.  For example, instead of using a PDCCH with AL-16, which consumes large frequency resources, use 2 repetitions of AL-8.  However, unless these 2 × AL-8 PDCCH repetitions are combined, they would not produce the same level of reliability as a single AL-16 PDCCH.  If non-combined repetition is used, then more PDCCH repetitions are required to produce the same level of reliability as a single AL-16 PDCCH.  Transmitting more PDCCH samples than required would increase blocking which would have the opposite effect of the intention of using repetition.  Non-combined repetition would also introduce additional delays and also blocking, which has the opposite effect.

Observation 6: Non-combined PDCCH repetition would require more repetitions than combined PDCCH repetitions.  Hence, non-combined PDCCH repetition would introduce PDCCH blocking to the system and additional latency to the UE.

In [5] & [6], it is proposed that two or more independent DCIs, where their PDCCHs are not combined, schedule the same set of resources for PDSCH/PUSCH.  An example is shown Figure 1 where two DCIs, DCI#1 and DCI#2 schedule the same PDSCH.  Since URLLC is ultra-low latency, the PDSCH is transmitted as quickly as possible, i.e. at time t1.  DCI#2 would therefore be transmitted after the PDSCH has started, e.g. at time t2, and hence DCI#2 would need to back indicate the starting time of PDSCH, i.e. a negative PDSCH starting time, which would require new specifications change.  
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Figure 1: Two independent DCI scheduling the same PDSCH

It should also be noted that two independent DL grants scheduling PDSCH occupying the same resources is considered as an intra-UE PDSCH multiplexing in RAN2 [8].  Here RAN2 proposed that the UE always follow the latest DL grant, i.e. discard the PDSCH from the earlier DL grant.  Hence, the non-combined repetition scheme of using two independent DCIs to schedule the same PDSCH/PUSCH would need to consider this aspect.

Observation 7: Non-combined PDCCH repetition where multiple independent DCIs schedule the same PDSCH/PUSCH would require back indication for the time resource thereby introducing unnecessary complexity to the UE.

The arguments against combining PDCCH repetitions are complexity, specification impact and that LTE’s HRLLC uses it:

1) Complexity: It should be appreciated that PDCCH repetition is an ancient feature introduced in Rel-13 eMTC and NB-IoT, which have the lowest complexity UEs.  Hence it is a weak argument that PDCCH repetitions lead to high complexity.  It is also unclear why not combining PDCCH repetition would be any less complex.

2) Specification impact:  It should be appreciated that any new features introduced would lead to specification impact.  The level of impact on the specification is related to the complexity of the feature and as noted, PDCCH repetition is used in eMTC & NB-IoT which are the least complex systems in LTE.

3) It was argued that Rel-15 HRLLC LTE used non-combined PDCCH repetition and therefore Rel-16 eURLLC in NR MUST use the same method.  The whole point of introducing a later release of a feature, especially one in a later RAT generation such as 5G, is to improve over the previous release in a previous RAT generation such as LTE.  It is therefore a very weak argument that Rel-16 eURLLC in 5G must follow what Rel-15 HRLLC in LTE has used since this would offer no improvement in the later release, which defeats the whole purpose of even introducing a new release.  In addition to offering zero benefit over a previous release, producing similar features with similar performance would fragment the market.

Observation 8: Combining PDCCH repetitions for Rel-16 URLLC in NR is not complex and offers better performance over a Rel-15 HRLLC in LTE.

Hence, given the arguments, we do not see any benefit in using additional resources for PDCCH repetitions and not bothering to combine them to benefit from its gain.  If PDCCH repetitions are introduced, then these repetitions should be combined.

Proposal 2: If PDCCH repetition is introduced, then these PDCCH repetition samples are soft combined.

Proposal 3: If PDCCH repetition is introduced, follow PDCCH repetition methods used in eMTC/NB-IoT.

2.3 Fast Retransmission

In [9], it is proposed to transmit multiple PDCCHs with different scheduling information for PDSCH or PUSCH repetitions.  An example is shown in Figure 2 where at time t0, DCI#1 schedules PDSCH#1 to start at time t1.  At time t2, DCI#2 schedules PDSCH#2 where PDSCH#1 and PDSCH#2 occupy different resources but belong to the same HARQ process and they can be soft combined.  This effectively is a retransmission without waiting for a HARQ feedback, i.e. a fast retransmission of PDSCH (or PUSCH).
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Figure 2: Fast retransmission of PDSCH

The argued benefit of fast retransmission is scheduling flexibility since each PDSCH/PUSCH repetition can use different frequency resources.  However, fast retransmission also consumes more PDCCH resources which would increase blocking without any soft combining gain on the PDCCH transmission itself (since these PDCCH contains different information and cannot be combined).  It should also be appreciated that repetitions of PUSCH/PDSCH with Chase combining or IR can be achieved by simply indicating the number of repetitions for the PUSCH or PDSCH in the DCI itself which would significantly reduce the PDCCH overhead.  

Observation 9:  Fast retransmission where multiple PDCCH transmits different grants for repetitive PDSCH or PUSCH consumes significantly more PDCCH resources compared to indicating the number of repetitions in the DCI of a single PDCCH. 

However, fast retransmission is beneficial for the case where the PDSCH or PUSCH has been pre-empted by another PDSCH or PUSCH transmission, in which case, the gNB can instantly retransmit the pre-empted parts (e.g. affected CBG) or the entire PDSCH/PUSCH without needing a HARQ feedback.  

Proposal 4: Consider fast retransmission to provide instant retransmission for PDSCH or PUSCH that has been pre-empted by another transmission.

3. Conclusion

In this contribution we discuss some Layer 1 enhancement on PDCCH to support URLLC.  We observe the following:

Observation 1: Significant specification effort is required to reduce the DCI size by 10 bits, which provides modest gains of 0.2 to 1 dB.  In contrast, a simple repetition would produce 3 dB gain.

Observation 2: Imposing a compact DCI format and size without having a clear picture of the functionalities and features of the WI is like putting the cart before the horse and would lead to suboptimal design.

Observation 3: Repetition without combining can obtain its gain from time diversity, which is unlikely to be high since the PDCCH repetition needs to be short in time to meet the low latency requirement of URLLC.

Observation 4: Repetition with combining can obtain its gain from soft combining and frequency diversity.

Observation 5: For the same number of repetitions, combining the repetitive PDCCH samples offers higher gain than not combining these repetitive samples.  Hence, not combining repetitive samples is very inefficient use of resources.

Observation 6: Non-combined PDCCH repetition would require more repetitions than combined PDCCH repetitions.  Hence, non-combined PDCCH repetition would introduce PDCCH blocking to the system and additional latency to the UE.

Observation 7: Non-combined PDCCH repetition where multiple independent DCIs schedule the same PDSCH/PUSCH would require back indication for the time resource thereby introducing unnecessary complexity to the UE.

Observation 8: Combining PDCCH repetitions for Rel-16 URLLC in NR is not complex and offers better performance over a Rel-15 HRLLC in LTE.

Observation 9:  Fast retransmission where multiple PDCCH transmits different grants for repetitive PDSCH or PUSCH consumes significantly more PDCCH resources compared to indicating the number of repetitions in the DCI of a single PDCCH. 

We propose the following:
Proposal 1: The discussion on the design of a new compact DCI format is postponed until the end of the WI when the functionalities and features are agreed. 

Proposal 2: If PDCCH repetition is introduced, then these PDCCH repetition samples are soft combined.

Proposal 3: If PDCCH repetition is introduced, follow PDCCH repetition methods used in eMTC/NB-IoT.

Proposal 4: Consider fast retransmission to provide instant retransmission for PDSCH or PUSCH that has been pre-empted by another transmission.
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