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Introduction
In the last RAN1 meeting of #93, introduction of new CQI and MCS tables for URLLC was finalized. For the MCS table differentiation, a new RNTI was introduced and if a new RNTI is configured, the MCS table can be implicitly indicated to UE by the RNTI scrambling of DCI [1]:
Agreements:
· For URLLC, for grant-based transmissions, introduce one RRC parameter for configuring a new RNTI.
· When the new RNTI is not configured, existing RRC parameter mcs-table is extended to select from 3 MCS tables (existing 64QAM MCS table, existing 256QAM MCS table, new 64QAM MCS table). 
· When mcs-table indicates the new 64QAM MCS table:
· For DCI format 0_0/1_0 in CSS, existing 64QAM MCS table is used.
· For DCI formats 0_0/1_0/0_1/1_1 in USS, new 64QAM MCS table is used. 
· [bookmark: _GoBack]Otherwise, follow existing behaviour.
· Note: the configuration for DL and UL is separate
· When the new RNTI (via RRC) is configured, RNTI scrambling of DCI CRC is used to choose MCS table:
· If the DCI CRC is scrambled with the new RNTI, the new 64QAM MCS table is used; otherwise, follow existing behaviour. 

Besides, other potential enhancements on PDCCH such as compact DCI and PDCCH repetition were discussed under consideration of Rel-15 URLLC reliability requirement, i.e., 1-10-5 in 1ms, but no consensus was reached on those topics. In this contribution, we provide our view on potential PDCCH enhancements for Rel-16 eURLLC.

New DCI design for URLLC
Since the default target scenario was eMBB in the DCI discussion in Rel-15, some fields of current fallback/non-fallback DCI formats are not suitable for the URLLC transmission. For example,
· Time domain resource allocation: For URLLC scheduling, a limited number of data channel “length” is sufficient, while the data channel can “start” at various symbol locations in a slot. Hence, by changing the SLIV reference from the slot boundary to one of PDCCH symbol(s), the number of start and length combinations can be largely reduced. Thus the bitwidth of the time domain resource allocation field can be decreased.
· HARQ process number, RV: Due to latency bound, there will be a limited number of HARQ processes and up to one or two HARQ-ACK feedback based retransmissions will be allowed in most situations. Thus the current bitwidth for the HARQ process number and the RV fields is too large for URLLC.
· PUCCH resource indicator, PDSCH-to-HARQ feedback timing indicator: The bitwidth can be reduced for the same reason.
· MCS, NDI, and RV for the second codeword: It is expected that URLLC transmission uses only a single codeword (up to 4 MIMO layers).
· CBGTI, CBGFI: It is not clear that CBG-based transmission will help in small packet delivery. Also the URLLC data will not be pre-empted by other transmission.
There are many other parameters including MIMO-related fields which can be further optimized from URLLC perspective. Therefore, it is desirable to introduce new DCI format or design by removing redundant bit fields so that the reliability of the URLLC transmission is improved. There were two approaches discussed in Rel-15, one is compact DCI and the other is new DCI interpretation without change of the payload size. The compact DCI offers performance gain but it also increases the BD computation burden. Especially if we define a new DCI size for each of both fallback and non-fallback DCIs, then it would be inevitable to redesign the DCI size budget and corresponding DCI monitoring behaviour. Furthermore, the performance gain attainable by the compact DCI is up to 1 dB which was concluded as not significant under Rel-15 scenarios and requirements consideration.
In this reason, it is preferred to design URLLC DCIs such that their size is aligned to the existing DCIs. We think both fallback and non-fallback DCIs should be supported for URLLC scheduling. In this case, the fallback URLLC DCI can be size-aligned to DCI format 0_0 and 1_0, and the non-fallback URLLC UL and DL DCI can be size-aligned to DCI format 0_1 and 1_1, respectively.
If the total number of URLLC DCI bits is smaller than the existing DCI size, simply the zero padding can be performed to match the payload size. However, if there is any new DCI field which can improve the URLLC performance, then the zero padding can be replaced with the new DCI field(s).
Observation 1: Current scheduling DCIs are not efficient for URLLC transmission.
Observation 2: The benefit of introducing compact DCI is restrictive considering that the current DCI size budget does not allow enough room for new DCI size.
Proposal 1: New fallback and non-fallback DCIs for URLLC are introduced, which are size-aligned to existing fallback and non-fallback DCI formats, respectively.

One follow-up issue to Proposal 1 is how to distinguish existing (eMBB) DCI and URLLC DCI at the UE side. Since a new RNTI was already introduced for a URLLC functionality, we think this mechanism can be generally reused for eMBB and URLLC differentiation. However, in Rel-15 spec, a certain RNTI (new RNTI) is tied to a certain service type (new MCS table) although the service type is not explicitly written. This fixed coupling is not desirable because it is not convincing that the future NR will still support only the two service types having different priorities. So our preference is just to define multiple C-RNTIs and let gNB to configure their priority and association to a set of functionalities.
On the other hand, when the new RNTI (e.g., another C-RNTI) is configured to UE, the UE may not need to monitor both C-RNTI and the new RNTI in every search space. For example, URLLC transmission can take place only on a certain search space in a certain bandwidth part. In this case, the UE has only to monitor the search space using the new RNTI when the associated bandwidth part is activated. If UE monitors both RNTIs in every search space, it may unnecessarily increase the PDCCH false alarm rate.
To support this kind of flexibility, it should be allowed to associate the scheduling RNTIs to search space(s).
Proposal 2: Different RNTIs are used to distinguish the existing DCI and the URLLC DCI of the same size.
Proposal 3: Scheduling RNTI can be associated to search space(s) where it is to be monitored.


PDCCH aspects in DL URLLC and eMBB multiplexing
The pre-emption indication was specified in Rel-15 NR for DL eMBB and URLLC multiplexing. This is mainly to help inter-UE multiplexing where eMBB UE and URLLC UE are different. While, limited attention has been paid on the intra-UE case, i.e., a UE supports both URLLC and eMBB simultaneously in a carrier, despite its importance (partly considered in the CQI/MCS table design). Therefore, it is considered that functionalities to support this type of UE capability should be further investigated during Rel-16 eURLLC.
Observation 3: Rel-16 eURLLC scope should cover UEs supporting both URLLC and eMBB as well as URLLC only supporting UEs.

PDSCH protection from pre-emption indication
In Rel-15, there was discussion on how to protect the PDSCH transmission from the pre-emption indication if the PDSCH contains URLLC data. Basically UE at the physical layer cannot guess the traffic type for a dynamic scheduling at all since there is no clue to identify it. Thus leaving it to UE implementation would not work considering the tight URLLC reliability and latency bound.
Within the context of the previous section, a natural solution is to assign multiple RNTIs to a UE, i.e., different RNTIs are configured for eMBB and URLLC. Then, UE can selectively apply the PI to PDSCH depending on the RNTI from which the PDSCH is scheduled (e.g., only for C-RNTI for eMBB).
Proposal 4: The RNTI applied to PDSCH scheduling determines whether the PDSCH is pre-empted or not by pre-emption indication.

PDSCH interruption by detected PDCCH
As mentioned previously, the pre-emption indication mechanism is difficult to be used for intra-UE DL multiplexing. In addition, even though UE can distinguish the service type at the physical layer, the current pre-emption indication is not a good approach due to its time delay (at least a few symbols) and coarse resource granularity (fixed to 14 bits). Different from the inter-UE multiplexing, within a UE, it needs not necessarily rely on the PI as it always knows where the PDSCH overlap occurs based on the DCI acquisition.
Observation 4: Pre-emption indication is not efficient for intra-UE DL URLLC and eMBB multiplexing.

Let us consider a UE served with URLLC and eMBB at the same time. The UE should monitor CORESET (or search space) for both URLLC and eMBB scheduling, and it should be very frequent for the URLLC case. In addition, each PDCCH candidate for URLLC requires high aggregation level, e.g., 8 or 16, to meet the 10-5 BLER target. Consequently, the overall CORESET resources may hold a very big portion of the entire physical resources, as exemplarily shown in Fig. 1.
Fig. 1 illustrates cases that eMBB PDSCH is scheduled around URLLC CORESET. If the eMBB PDSCH is rate matched to the URLLC CORESET as in Fig. 1(a), most of the CORESET resources is wasted when there is not much URLLC control traffic. Hence, the CORESET resources should be reused as much as possible especially when the CORESET is for URLLC. Fig. 1(b) shows the opposite case that the eMBB PDSCH is scheduled to include the URLLC CORESET. In this case, one issue is that UE should be able to perform blind decoding of PDCCH candidates in the CORESET even if they are overlapped with already scheduled PDSCH. But the current specification does not clearly describe this kind of PDCCH monitoring behaviour (seems not be prohibited but needs clarification).


       
Fig. 1. eMBB PDSCH scheduling around URLLC CORESET

The follow-up procedure is illustrated in Fig. 2. If the UE detects a PDCCH which is overlapped with the scheduled PDSCH as in Fig. 2(b), then the UE can honor the PDCCH and prioritize the PDCCH and the corresponding new PDSCH (e.g., URLLC PDSCH) over the old PDSCH (e.g., eMBB PDSCH). That is, the old PDSCH is punctured by the PDCCH and/or the new PDSCH. On the other hand, if no PDCCH is detected as in Fig. 2(a), there is no impact on the scheduled PDSCH. By doing so, the CORESET resources can be dynamically reused by PDSCH when there is no PDCCH to be transmitted, without affecting the URLLC scheduling.
This behaviour would be applied only when there is intra-UE service multiplexing. If UE serves eMBB only or URLLC only transmission, it may be better to skip monitoring the overlapped CORESET and honor the scheduled PDSCH. Therefore, the UE can optionally be configured by gNB to monitor the overlapped CORESET.
Observation 5: eMBB PDSCH and URLLC CORESET for the same UE can dynamically share the resource by gNB scheduling.
Proposal 5: UE is allowed to perform blind decoding of a PDCCH candidate which is overlapped with scheduled PDSCH, and honors the PDCCH if detected.



Fig. 2. PDSCH preempted by detected PDCCH

Conclusion
In this contribution, we provide our view on potential PDCCH enhancements for Rel-16 eURLLC from which the following observations and proposals are drawn:
Observation 1: Current scheduling DCIs are not efficient for URLLC transmission.
Observation 2: The benefit of introducing compact DCI is restrictive considering that the current DCI size budget does not allow enough room for new DCI size.
Proposal 1: New fallback and non-fallback DCIs for URLLC are introduced, which are size-aligned to existing fallback and non-fallback DCI formats, respectively.
Proposal 2: Different RNTIs are used to distinguish the existing DCI and the URLLC DCI of the same size.
Proposal 3: Scheduling RNTI can be associated to search space(s) where it is to be monitored.
Observation 3: Rel-16 eURLLC scope should cover UEs supporting both URLLC and eMBB as well as URLLC only supporting UEs.
Proposal 4: The RNTI applied to PDSCH scheduling determines whether the PDSCH is pre-empted or not by pre-emption indication.
Observation 4: Pre-emption indication is not efficient for intra-UE DL URLLC and eMBB multiplexing.
Observation 5: eMBB PDSCH and URLLC CORESET for the same UE can dynamically share the resource by gNB scheduling.
Proposal 5: UE is allowed to perform blind decoding of a PDCCH candidate which is overlapped with scheduled PDSCH, and honors the PDCCH if detected.
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