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Introduction
At the RAN1 #88 meeting in February 2017, the following working assumption on HARQ-Ack Feedback was proposed.
· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:
· Only allow CBG based (re)-transmission for the same TB of a HARQ process
· [bookmark: _GoBack]CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB
· CBG can include one CB
· CBG granularity is configurable
In this contribution, we discuss design options for HARQ-Ack feedback.
A/N feedback mechanisms
[bookmark: _Ref471386577]Multi-bit A/N resource allocation
If CBG based A/N feedback is supported, appropriate UL resources for multi-bit A/N feedback must be addressed also. Below we discuss design options to allow multi-bit A/N feedback.
A. UL A/N resources are allocated at different times for different CBGs, as shown in Figure 1A. Especially for multi-slot aggregated transmissions, such a feedback scheme reduces the retransmission latency for CBGs
B. Multi-bit A/N resources are allocated only once for aggregated transmission of all the CBG’s A/N bits of a TB, as shown in Figure 1B. A one-time resource allocation may be a little more efficient than scheme A as the A/N bits can be jointly encoded.


[bookmark: _Ref478046436]Figure 1 A/N resource allocation
Observation 1: Resource allocation for multi-bit A/N impacts latency of retransmission CBGs.
Feedback mechanism
If CBGs are small, more control overhead will be generated on the UL due to the large number of A/N bits. On the other hand, CBGs configured with a large number of CBs require larger retransmissions on the DL even if only one of the CBs in the CBG fails. The tradeoff between significant DL retransmissions and large UL A/N feedback overhead should be studied for NR.
The A/N resources for the CBG may be assigned in one of the following ways:
a. The gNB may configure the number of CBGs and CBs in a CBG at the time of providing the DL grant and receive 1 A/N bit per CBG on appropriate A/N resources in the UL as shown in Figure 1A and Figure 1B. On receiving a Nack, then the gNB schedules a retransmission for the corresponding CBG(s) instead of the whole TB.
b. The UE first transmits a single A/N on receipt of a TB. If the UE sends a Nack, the gNB may configure it to transmit the corresponding multi-bit A/N pattern at a finer granularity as shown in Figure 2. Here a 1-bit A/N resource is initially assigned for a TB consisting of 5 CBs. On observing a Nack for the TB, the UE sends a 5-bit A/N transmission with 1 bit per CB in the TB. However, if the TB is Acked, no additional multi-bit A/N resources are provided to the UE. This approach may help to balance the UL A/N overhead and DL CB(s) retransmissions.


[bookmark: _Ref478048034]Figure 2 Transmission of multi-bit A/N if received TB experience Nack
Observation 2: Tradeoff between DL retransmissions in DL and UL overhead due to multi-bit A/N must be considered carefully when designing a solution for multi-bit A/N feedback.
CBG configuration
The composition of the CBGs may be configurable. For example, the CBs in a CBG may be non-contiguous. Figure 3 shows an example where the configuration supporting multi-bit A/N for at least 2 CBGs (CBG#2 consisting of CB4 and CB5 and CBG#1 consisting of all other CBs in the TB) would be useful for retransmission. Although this configuration can have latency constraints as CBG#1 cannot send it’s A/N bit until the end of the TB, it minimizes fragmentation of the TB into too many CBGs and reduces the A/N overhead.



[bookmark: _Ref471743926]Figure 3 CBG configuration with discontiguous CBs

Observation 3: Flexibility in assigning number of CBs and sequence of CBs is useful to support different use cases such as preemption.
Conclusion
In this contribution, we make the following observations on HARQ-Ack feedback mechanisms
Observation 1: Resource allocation for multi-bit A/N impacts latency of retransmission.
Observation 2: Tradeoff between retransmission resources in DL and UL overhead due to multi-bit A/N must be considered carefully when designing a solution for multi-bit A/N feedback.
Observation 3: Flexibility in assigning number of CBs and sequence of CBs is useful to support different use cases such as preemption.
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