


[bookmark: _GoBack]3GPP TSG RAN WG1 #103-e		R1-2007885
e-Meeting, October 26th – November 13th, 2020
Agenda item:	8.3.2
Source:	TCL
Title:		          Enhancements for unlicensed band URLLC/IIoT
Document for:	Discussion and Decision
Introduction
RP-201310 is the latest WID for “Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR”, updated in RAN Plenary meeting RP#88-e, held in 29 June – 3 July 2020. The major update for URLLC enhancement was defining the objective for URLLC operation in unlicensed spectrum. In this regard, following objective was agreed and updated in this WID:
Objective 2: 
Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
Configured grant (CG) enhancements were introduced in Release-16 URLLC work item. In parallel, Release-16 work item on NR-Unlicensed made enhancements for configured grant based transmissions to handle the aspects of unlicensed spectrum. This has led to diverging features in configured grant for the two work items, and the neither of the two flavors provides the functionality of the other flavor without a change. The current work item has its objective to define the URLLC operation over unlicensed controlled environments. Due to diverging progress of the two Rel-16 work items under different requirements and scenarios, none of the framework can be used for the URLLC operation in unlicensed environment without significant changes. For this reason, there is need to harmonize the enhancements defined in the two Release-16 work items, and if possible come up with a baseline structure which can easily absorb the enhancements made in these two work items of Release-16.

Harmonizing Configured Grant for Rel-17
Basic Configured Grant Setup 
The transmission of packets over the Rel-16 URLLC based CG scheme is shown in Figure 1. In Release 16, each period P maps to a HARQ ID through a deterministic known mapping so HARQ ID of a transport block (TB) is determined by HARQ ID of the period P that the TB is transmitted as shown in this figure. However, it introduces severe limitations in the transmission of PUSCH repetitions. 
As shown in Figure 1, the UE is configured to transmit with 4 repetitions so it transmits 4 repetitions of a TB in 4 periods. The UE determines HARQ ID for this TB at the beginning of the transmission then uses the same HARQ ID for all 4 repetitions in 4 different periods. 
For unlicensed operation in Rel-16 NR-U, the information of HARQ-ID is communicated to the gNB by CG-UCI multiplexed with every PUSCH repetition so that the gNB can do proper combining for the TB decoding. Besides HARQ ID, CG-UCI also contains RV, NDI corresponding to each PUSCH repetition.
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Random Packet Arrival and Multiple Configurations
As the packets may not arrive at the physical layer for transmission aligned with the period boundary of configured grant transmissions, there is this situation that if packet is transmitted in current period, the number of transmitted repetitions may not suffice for correct decoding. If UE waits for the subsequent CG period for transmission, the decoding may eventually succeed while there may be a risk of violating the latency budget. This problematic situation is visible in Figure 1 for Release-16 CG, where packet arrivals are such that the first packet gets transmitted with 4 repetitions as per its configuration. On the other hand, the 2nd and the 3rd packet get transmitted only with 3 and 2 repetitions respectively.
URLLC in Rel-16 accommodates unexpected packet arrival by having multiple configurations. These configurations are configured with staggered start times and a UE will choose the configuration closest to the packet arrival time with sufficient number of repetitions available. One such example is shown in Figure 2 showing 4 CG configurations. Contrary to Figure 1 here UE is able to transmit 4 repetitions for each packet thanks to selecting a different configuration for each of these packet.
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[bookmark: _Ref46529994]Figure 2: Release-16 Multiple CG configurations to ensure K repetitions
As crossing the CG period boundary is not permitted even in NR-U to avoid HARQ ID confusion among the repetitions at the gNB, the random packet arrival times will have the same problem in NR-U as in URLLC and may require a large number of configurations causing significant signaling overhead. 
Observation 1: Multiple configurations help combat the random packet arrival without incurring large latency but it introduces signaling overhead.
The main limitation in CG as standardized for URLLC and NR-U work items is that a given TB is not allowed to cross the period boundary. This is the main issue which has led to the design of multiple configurations, and a lot of discussions in 3GPP on how to ensure the reliability in case of insufficient number of available repetitions.
Observation 2: The main limitation of the existing CG standardization in URLLC and NR-U is related to transport block confined within a period.
Channel Uncertainty over the Shared Spectrum
When transmission resource configured for CG transmission are not available, for example due to shared nature of unlicensed spectrum, even the subset of available resources may not be fully utilized due to limitations over TB restricted to period boundary. This will also require multiple CG configurations to be able to transmit suitable number of repetitions, and despite this, resource wastage may not be ensured. 
CG-UCI has been introduced in configured grant NR-U to avoid confusion between UE and the base station resulting from channel uncertainty. This is different from the licensed URLLC CG where it is not supported.
To unify the configured grant structure for URLLC where it may be operating over licensed and shared carriers, it could make sense to always transmit CG-UCI, independent of communication occurring over licensed or shared carrier.
Proposal 1: CG-UCI is always transmitted even when the CG PUSCH is being transmitted over a licensed carrier.
PUSCH repetition Type B enhancements for URLLC 
DL Symbols in the middle of UL Transmission
When a UE is scheduled with resources in unlicensed spectrum, it does listen before talk (LBT) to acquire the channel before the transmission. It is LBT Type 1 if the UE acquires a new channel by itself or LBT Type 2 if the UE shares the channel that is already acquired by the gNB. In TDD configuration, DL symbols might be configured in a semi-static way in advance. If the gNB does not have DL data to transmit at those semi-static DL symbols, there will be a gap between two UL bursts. If there is a gap bigger than 16 s between two UL transmissions because a repetition is segmented into two repetitions due to the empty semi-static DL symbols, the UE must do an additional LBT Type 2 before continuing the transmission. This LBT eats up additional time over the scheduled resource.
Observation 3: DL symbols in the middle of an UL transmission reduce the transmission time, which gets further reduction due to LBT requirement after the gap.
The transmissions of interest here are with high QoS, and thus such DL symbols and following LBT may degrade the achieved QoS. For this purpose, it would be important to investigate such scenarios to find improved solutions which don’t harm the high QoS requirements of URLLC services.
Proposal 2: It is proposed to further investigate the scenario when DL symbols occur in the middle of an UL scheduled resource.
One important aspect is related to the real gap on the channel. If the gNB transmits something on the DL symbols, the actual gap duration over the shared carrier can be less than the nominal duration which requires an LBT. Such scenarios may have different solutions depending upon the priority of the underlying transmission as well.
One additional scenario is when these DL symbols are part of semi-static configuration and a high priority traffic request is received by the gNB and it does not have sufficient resources for the timely scheduling of this UL traffic. One possibility is to pre-empt the UL scheduled users to make room for the high priority traffic. On the other hand, if the nature of DL data is such that it wait, it would be interesting to investigate if some limited duplexing change can be made.
CG PUSCH over Semi-static Flexible symbols
The third scheme is applicable to UL transmission scheduled in a semi-static manner, for example configured grant Mode 1 or Mode 2. In Relase-16, a repetition for CG transmission, if comes across a semi-static flexible symbol for which dynamic indication is not received, gets dropped. This causes a certain degradation in quality of service of such transmissions.
Observation 4: Dropping a transmission over semi-statically configured flexible symbols causes a QoS degradation.
For CG transmission in licensed and unlicensed spectrum, if dynamic SFI is configured but the UE cannot decode DCI format 2_0 indicating SFI due to channel condition, the UE may be allowed to use the semi-static flexible symbols in the scheduled resource as the UL symbols to transmit the high priority repetitions without any gap. In other words, a repetition is not fragmented around the semi-static flexible symbols or dropped because of conflict with the semi-static flexible symbols but an actual repetition is transmitted continuously in time in that case. Therefore, in unlicensed spectrum, no additional LBT is required in the middle of the transmission of PUSCH repetitions. Moreover, in both licensed and unlicensed spectrum, the configured number of repetitions is ensured.
Proposal 3: For CG transmission, if dynamic SFI is configured but the UE cannot decode dynamic SFI, semi-static flexible symbols in the scheduled resource are used for PUSCH.
Multi-TB PUSCHs with repetitions scheduled by a single DCI in unlicensed spectrum
In unlicensed spectrum, the UE might have the transport blocks (TBs) with different priorities and requirements to transmit. To make the UL transmission of each TB achieve the requirement, the gNB schedules each TB with a specific number of repetitions. Multiple TBs with repetitions for each TB are scheduled by a single DCI to reduce control overhead and LBT latency. The number of repetitions for each TB in the group of the scheduled TBs might be different based on the priority, reliability and latency requirements of each TB.
In order to support multiple-TB transmission with repetitions for each TB, TDRA table needs to be extended to indicate the number of repetitions of each TB as shown in Table 1. The number of entries in the new TDRA table is increased to indicate both SLIV as in the current table and the number of repetitions. The table does not need to carry all possibilities for number of TBs and number of repetitions. The base station can configure the TDRA table with the suitable entries that it intends to use. This can be used to have the design of TDRA table for a desired number of bits, and then only the entries which are possible with this number of bits are configured by the base station.
A TB is indicated by one SLIV and the number of repetitions. In other words, a SLIV only corresponds to a TB instead of a PUSCH repetition of a TB. For example, in Table 1, TB1 is indicated by SLIV1 and Rep1. SLIV1 indicates the start symbol and length of the first repetition of TB1. The resource for the repetitions after the first repetition is derived based on the number of repetitions Rep1, length of one repetition, slot boundary and UL/DL symbol configuration. The number of repetitions indicated is the nominal number of repetitions for each TB. The actual number of repetitions for each TB can be bigger if a nominal repetition encounters slot boundary or DL symbols in TDD configuration and this repetition is fragmented into multiple repetitions.
With the extended TDRA table, even if each TB has several repetitions, there are still maximum 8 TBs corresponding to 8 SLIVs in a row of the TDRA table that can be scheduled by a single DCI.
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	TDRA index
	SLIV 
	Number of Repetitions
	Mapping Type

	1
	SLIV1    SLIV2
	Rep1      Rep2
	{MT1, MT2}

	2
	SLIV1    SLIV2    
SLIV3    SLIV4
	Rep1  Rep2   Rep3   Rep4
	{MT1, MT2, MT3, MT4}

	…
	…
	
	…



The value of each SLIV follows the valid S and L combinations for PUSCH in 38.214
Table 2. Valid S and L combinations
	PUSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A (repetition Type A only)
	0
	{4,…,14}
	{4,…,14} 
	0
	{4,…,12}
	{4,…,12}

	Type B
	{0,…,13}
	{1,…,14}
	{1,…,14} for repetition Type A, {1,…,27} for repetition Type B
	{0,…, 11}
	{1,…,12}
	{1,…,12} for repetition Type A, {1,…,23} for repetition Type B



Proposal 4: The TDRA table is extended with the indication of number of repetitions. Each TB is indicated by a SLIV and number of repetitions. A SLIV only corresponds to one TB and not to PUSCH repetition of a TB.
Proposal 5: The number of entries in the new TDRA table increases based on the number of the scheduled TBs, the maximum allowed number of repetitions for each TB, the number of bits in TDRA field of DCI.






Conclusion
In this contribution, we have discussed some some scenarios where URLLC services and applications may need some enhancement in view of shared carrier operation. Following set of observations were made in this document:
Observation 1: Multiple configurations help combat the random packet arrival without incurring large latency but it introduces signaling overhead.
Observation 2: The main limitation of the existing CG standardization in URLLC and NR-U is related to transport block confined within a period.
Observation 3: DL symbols in the middle of an UL transmission reduce the transmission time, which gets further reduction due to LBT requirement after the gap.
Observation 4: Dropping a transmission over semi-statically configured flexible symbols causes a QoS degradation.
The discussion and the observations have led to the following proposals in this document:
Proposal 1: CG-UCI is always transmitted even when the CG PUSCH is being transmitted over a licensed carrier.
Proposal 2: It is proposed to further investigate the scenario when DL symbols occur in the middle of an UL scheduled resource.
Proposal 3: For CG transmission, if dynamic SFI is configured but the UE cannot decode dynamic SFI, semi-static flexible symbols in the scheduled resource are used for PUSCH.
Proposal 4: The TDRA table is extended with the indication of number of repetitions. Each TB is indicated by a SLIV and number of repetitions. A SLIV only corresponds to one TB and not to PUSCH repetition of a TB.
Proposal 5: The number of entries in the new TDRA table increases based on the number of the scheduled TBs, the maximum allowed number of repetitions for each TB, the number of bits in TDRA field of DCI.
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