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1. Introduction
To support multiple types of traffic and multiplexing between different traffic, the following agreements were made, 

Working assumptions:

· The NR frame structure should support both slots and mini-slots

· FFS: Timeline granularity for monitoring control of the mini-slot

· FFS: Terminologies of mini-slot

Agreements:
· Slot aggregation is supported

· Data transmission can be scheduled to span one or multiple slots
Agreements:
· NR supports at least same-slot and cross-slot scheduling for DL.
Agreements:

· Dynamic resource sharing between URLLC and eMBB
· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective

· FFS: A similar or same mechanism applicability to UL

· Preemption or superposition
· Other schemes are not precluded 

· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission
Agreements:
· From network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by  

· Using the same sub-carrier spacing with the same CP overhead
· FFS: different CP overhead
· Using different sub-carrier spacing 
· FFS: CP overhead
· NR supports both approaches by specification
· NR should support dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL

This contribution discusses the TB/CB handling with different scheduling units (mini-slot or slot, single or multiple slots) and the corresponding HARQ-ACK feedback/retransmission mechanism for eMBB. The impact of URLLC is also considered. 
2. Discussion
In LTE, the scheduling unit is one subframe with one or two TBs (two TBs for MIMO) where each TB consists of one or several code blocks (CBs). HARQ-ACK feedback is per TB, and TB-level retransmission is supported by separate HARQ-related/MCS information per TB in a DL assignment. 
In NR, the scheduling unit could be one slot or one mini-slot. Both single and multi-slot scheduling are introduced. For multi-slot scheduling, mapping one TB over multiple slots or mapping multiple TBs onto respective multiple slots can be considered for different scenarios. 
For HARQ-ACK feedback and HARQ retransmissions, in addition to TB-level HARQ-ACK, RAN1 agreed to consider whether/how to support more than one HARQ-ACK bits per TB. With increased transmission bandwidth up to 100MHz or even up to GHz in above 6GHz frequency bands, the maximum TB size can be more than an order of magnitude larger than the maximum CB size. Then, a relatively much larger number of CBs per TB is expected compared with LTE. When a UE incorrectly detects only a few CBs per TB, unnecessary retransmission overhead increases roughly proportionally to the number of CBs per TB. 
For AWGN or, approximately, for Ricean channels with a strong LOS component, CB errors occur independently with a same probability and it is straightforward to analytically derive a probability for a number of CB errors, given a target TB BLER. For example, for 10 CBs per TB and CB BLER of 1%, the probability of 1, 2, or more than 2 CB errors is respectively ~9.1%, ~0.42%, and <0.001%. Although CB errors are more correlated for fading channels, a similar trend is observed, for example for the TDL-C channel model and 8 CBs and 37 CBs per TB on 100 PRBs and 500 PRBs respectively, as shown in Figure 1. In the simulation, SINR is chosen for TB 10% BLER. One or few CB error occurs with high probability, e.g., probability of ~4.5% for one CB error in Figure 1(a) is approximately 45% of all error cases. Therefore, retransmissions can be more efficient with CB level HARQ-ACK feedback or, to limit HARQ-ACK payload and ensure coverage particularly in conjunction with multi-slot and/or multi-cell HARQ-ACK feedback, CB-group (CBG) level feedback/retransmission. 
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Figure 1(a) Probability of error CBs on 100PRBs                              Figure 1(b) Probability of error CBs on 500PRBs
In the following, the possible combinations of TB mapping with mini-slot/slot scheduling together with HARQ-ACK feedback/retransmission for eMBB are discussed for different scenarios while considering efficient multiplexing between different transmission durations (e.g., URLLC and eMBB), channel-coding gain, DL control channel overhead/complexity and HARQ-ACK feedback overhead. 

With 14 symbols per slot and large transmission bandwidth, the number of CBs per TB can be several times larger than LTE, e.g., up to 80 CBs per TB for maximum transmission BW of 100 MHz (or somewhat less than 80 CBs for CB size > 6144 bits with LDPC) while there are 16 CBs per TB in LTE. Although CB-based HARQ-ACK feedback can be beneficial also in LTE, its importance is magnified in NR. 

With pre-emption/superposition of URLLC, a part of eMBB transmission can be interrupted randomly and independently by URLLC transmission. For example, some OFDM symbols of eMBB slot are punctured by mini-slot scheduled URLLC with the same SCS (e.g., 15KHz), or some OFDM symbols of eMBB slot are punctured by slot-scheduled URLLC with larger SCS (e.g., 15KHz for eMBB and 60KHz for URLLC). As a consequence, a detection error occurs with practical certainty for one or multiple CBs (the ones affected by URLLC) of an eMBB TB and the gain of CBG level HARQ-ACK over TB level HARQ-ACK further increases. SLS results in [2] show the performance gain when eMBB is interrupted by URLLC with 10% RU. 
Dividing one TB into multiple CBGs, each having almost the same duration as a URLLC transmission, can confine the impact of URLLC to certain CBGs. In that sense, a suitable number of CBGs can depend on the scheduling unit of URLLC and may be decoupled from the TB size. Further, the number of CBGs can depend on a target maximum HARQ-ACK payload when HARQ-ACK bundling across CBGs is not enabled. Thus, it is preferable to configure the number of CBGs per TB, or equivalently the number of CBs per CBG for a TB, by higher layer signaling or by L1 signaling in the DCI format scheduling the eMBB DL data channel.

In general, it is difficult to tailor the CBG duration to exactly fit into the duration of a URLLC transmission if a TB is divided into CBs/CBGs with equal size. For example, available resources for CB mapping in each slot symbol can be different among CBs, for example due to varying size of a DL control region and FDM of control and data, or due to DMRS or CSI-RS in some slot symbols. Then, as is shown for example in Figure 2, one URLLC transmission can overlap with two CBGs. Though only a small part of CBG#2 is punctured by URLLC, both CBG#2 and CBG#3 need to be retransmitted. Methods for CB/CBG segmentation and mapping can be considered to align the boundary of CBGs to the scheduling unit of URLLC in order to further improve retransmission efficiency but the performance tradeoff is worse CB error probability in case there is no URLLC transmission. 
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Figure 2 Slot scheduling with CBG HARQ-ACK feedback/retransmission for eMBB 

Besides CBG level HARQ-ACK/retransmission for single slot scheduling, there are two approaches to reduce the impact of URLLC puncturing based on existing TB-level HARQ-ACK/retransmission. 

1. Larger SCS with multi-slot scheduling

To meet the tight latency requirement, either large SCS with slot scheduling, e.g., 60KHz, or smaller SCS (like 15KHz) with min-slot scheduling can be adopted for URLLC transmission. When eMBB uses 60KHz SCS as URLLC, multi-slot scheduling is better than per-slot scheduling for eMBB due to high eMBB traffic and reduced DL control overhead. Similar as multi-subframe scheduling in Rel-14 eLAA, multiple TBs are transmitted over multiple slots by a single grant. If there is upcoming URLLC, one or multiple slots of eMBB transmission would be punctured/superposed. Then, gNB could rely on existing TB-level HARQ-ACK to retransmit the TBs in these contaminated slots. The number of scheduled consecutive slots k could be variable, e.g., from 1~ N (N is the maximum number of scheduled slots configured by RRC). The value of k depends on the eMBB packet size or the number of slots interfered by URLLC. To avoid the potential increase of DL control decoding complexity, UE-specific DL control monitoring occasions in time domain can be configured as was agreed in RAN1 #86b, e.g., every N slot.  With the aid of cross-slot scheduling, the eMBB transmission can start from any slot boundary, as is shown in Figure 3. 
It may not be desirable to support CBG-level HARQ-ACK feedback when multiple TBs are transmitted over multiple slots. The control signaling overhead would increase if per slot as well as per CBG HARQ information is indicated by DCI. If per slot HARQ information is removed, i.e., NDI per CBG is common for all slots, the scheduling flexibility would be reduced. It is unlikely the channel fading and the interference seen by the CBG in different slots is highly correlated, especially when there is upcoming URLLC in a certain slot. On the other hand, if transmitting one TB over multiple slot is supported, per slot NDI is not needed while per CBG NDI can be desirable to support partial retransmission of eMBB.  
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Figure 3 Multi-slot scheduling for eMBB with 60KHz

2. Smaller SCS with mini-slot scheduling 

When both URLLC and eMBB use the same smaller SCS, e.g., 15KHz, mini-slot scheduling for eMBB could avoid the interference from URLLC. gNB could skip the mini-slot to be occupied by URLLC and postpone the eMBB transmission to a later mini-slot. Such postpone scheduling is transparent to UE, thus requires no additional efforts for UE reception. However, the UE needs to monitor PDCCH in every mini-slot and this increases UE power consumption. 

If multiple mini-slots scheduling is supported, partial retransmission of eMBB can be easily implemented by retransmitting TBs in mini-slots affected by URLLC as shown in Figure 4. It has the same effect as multi-slot scheduling with scalable numerology. 
Furthermore, if multiple mini-slots scheduling is supported, mapping one or several CBGs over multiple mini-slots could support CBG retransmission with variable physical resource.  As is shown in Figure 5, the initial transmission of eMBB is single slot transmission with one TB consisting of 6 CBGs. CBG#2 and CBG#3 are punctured by URLLC and need to be retransmitted. One way is to retransmit these two CBGs still with slot duration. The effective coding rate can be adjusted by allocating different number of RBs. Another way is to retransmit these two CBGs by k mini-slots while the remaining mini-slots of one slot can be used for other UEs. 
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Figure 4 Multiple TBs transmitting over multiple mini-slot for eMBB
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Figure 5  Retransmission over multiple mini-slot

Considering that the proper scheduling and HARQ-ACK feedback/retransmission mechanism for eMBB may vary with the TB size, available physical resource for mini-slot/slot, and potential URLLC traffic, it is desirable to support flexible configuration for scheduling and for HARQ-ACK feedback/retransmission mechanism. Dynamic indication by L1 signaling provides full flexibility at the cost of DCI overhead or multiple DCI formats. Semi-static signaling to narrow down the possible configurations together with the dynamic indication can be considered. 

Observation 1: Single slot scheduling with CBG-level HARQ-ACK and multi-slot scheduling for multiple TBs with TB-level HARQ-ACK supports efficient partial retransmission for eMBB.
Observation 2: Single mini-slot scheduling for eMBB is not proper. 

Observation 3: If multiple mini-slots scheduling is supported, both TB-level and CBG-level could be considered to support partial retransmission for eMBB. 
Proposal: Support the flexible configuration of proper TB/CB mechanism, including,

· Switching between single slot scheduling with CBG-level HARQ-ACK and multi-slot scheduling for multiple TBs with TB-level HARQ-ACK. 
· Configuring variable number of CBGs for CBG-level HARQ-ACK feedback/retransmission.
3. Conclusion
Based on the analysis above, we have the following observations and proposals, 

Observation 1: Single slot scheduling with CBG-level HARQ-ACK and multi-slot scheduling for multiple TBs with TB-level HARQ-ACK supports efficient partial retransmission for eMBB.
Observation 2: Single mini-slot scheduling for eMBB is not proper. 

Observation 3: If multiple mini-slots scheduling is supported, both TB-level and CBG-level could be considered to support partial retransmission for eMBB. 
Proposal: Support the flexible configuration of proper TB/CB mechanism, including,

· Switching between single slot scheduling with CBG-level HARQ-ACK and multi-slot scheduling for multiple TBs with TB-level HARQ-ACK. 
· Configuring variable number of CBGs for CBG-level HARQ-ACK feedback/retransmission.
Reference
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[2] R1-1700960, “Evaluation results of partial retransmission for eMBB,” Samsung, RAN1#NR-AH, Jan. 2017.
Annex: Evaluation assumptions
Table.1. LLS Evaluation parameters
	Parameters 
	Values or assumptions 

	Carrier Frequency 
	2 GHz 

	Waveform 
	OFDM

	Channel coding
	LTE Turbo with code rate 1/3

	Modulation
	16QAM

	Numerology 
	15kHz

	System Bandwidth 
	20 MHz/100MHz

	Overhead 
	no RS, i.e. 168 available REs per RB for data transmission

	Total allocated bandwidth & sub-frames for one transmission
	Case 1: 100 PRB & 1 LTE subframe

Case 2: 500 PRB & 1 LTE subframe

	BS antenna configuration 
	1 Tx 

	UE antenna configuration 
	2 Rx 

	Channel estimation
	ideal channel estimation

	Propagation channel & UE velocity 
	TDL-C with DS{300}ns & 120 km/h in TR38.900

	Detection method
	MAP

	Given TB BLER level (to determine the SINR) 
	10% for 1 transmission
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