Page 1
3GPP TSG RAN WG1 Meeting RAN1 #88bis													R1-1705033
Spokane, WA, U.S.A. 3rd - 7th April 2017

Source: 	Intel Corporation 
Title:	Bundled HARQ-ACK feedback in NR
Agenda item:	8.1.3.3.2
Document for:	Discussion and Decision

1. Introduction
In this contribution, we discuss the HARQ-ACK bundling options available for NR. Our companion contribution [1] discusses HARQ-ACK multiplexing aspects for NR.
 
2. HARQ-ACK Bundling Options
In an ideal communication setup, where the correct link adaptation is setup and AWGN channel can be assumed, the received data error may be uncorrelated and simply governed by random statistics. However, real communication deployment scenarios do not behave this way. For fading channels and UE mobility that may result in sudden signal blockage, there would be some temporal correlation of the received signal quality. Considering the CSI reporting delay and imperfections in link adaptation including both closed loop and open loop methods, there may be correlations between packets that were scheduled using the same set of CSI information.
For coverage limited UEs or for UEs that is required to transmit large amounts of HARQ-ACK feedback bits, bundling of the HARQ-ACK bits and compressed them into smaller set of bits may be beneficial. The compression of the HARQ-ACK feedback bits can potentially utilize the frequency, spatial, and temporal correlation of the data packet errors to optimize the compression method. This section discusses the different available HARQ-ACK bundling modes, and whether NR should support such modes.
Bundling of HARQ-ACK in spatial domain (i.e. across codewords within a TTI)
	Current working assumption states that NR would support 1 codeword (CW) up to 4 layers, and 2 CW for anything above 4 layers. This implies that UEs that are able to transmit multiple CWs would be receiving signals with MIMO rank 5 or higher. Even considering link quality imbalance between uplink and downlink, it is very difficult to imagine a scenario where the UE would be coverage limited in uplink, while being able to receive downlink signals with rank 5 or higher. Therefore, the use case and benefit for support of HARQ-ACK bundling in the spatial domain is expected to be very limited.
Bundling of HARQ-ACK in spectral domain (i.e. across component carriers)
In case when the UE is configured with multiple component carriers (CC), the UE may need to feedback multiple HARQ-ACK bits for each CC. Since NR supports OFDMA in uplink by default, it may be possible to send the HARQ-ACK bits corresponding to its own CC. However, in certain scenarios where the number of CC in uplink is asymmetric with downlink, there may be cases where HARQ-ACK bits from multiple CC is expected to be transmitted in the same uplink transmission.
Similar to the usage of the high order MIMO transmissions, usage of multiple component carriers resulting in very wide effective transmission bandwidth is not very likely when the UE is coverage limited. Furthermore, the number of bits that may need to be reported for HARQ-ACK may not likely to be very high when the UE is coverage limited. With introduction of support of millimeter wave (mmWave) spectrum for NR, there are more various deployment scenarios that may need to be considered. There may be cases of where different component carriers have different subcarrier spacing resulting in different slot durations, CCs with extreme coverage differences, etc. It should be noted that bundling of the HARQ-ACK bits from different CC may be only effective in intra-band CC, as the data packet error rate correlation would be non-existent for CC belonging to completely different bands.
Therefore, we believe further investigation is needed to identify deployment scenarios that may require multiple HARQ-ACK feedback bits from multiple CC while the UE is coverage limited. If no such deployment scenario of interest is identified for release 15 of NR, we may not need to consider HARQ-ACK bundling for NR release 15.
Bundling of HARQ-ACK in temporal domain (i.e across slots)
[bookmark: _GoBack]Bundling of HARQ-ACK in the temporal domain may be useful in several aspects. When the UE is operating in TDD systems, HARQ-ACK bits from multiple TB must be transmitted simultaneously. This is inherent consequence of utilizing TDD systems. In such scenarios, UE may certainly be in coverage limited scenarios. Therefore, support of bundling of HARQ-ACK in the temporal domain seems to be essential to provide similar coverage and data rate support as LTE. 
Based on the observations above, we propose the following for NR.
Proposals:
· NR supports HARQ-ACK bundling of transport blocks (TB) from multiple slots. FFS on the details of the bundling.
· NR does not support HARQ-ACK bundling of codewords (CW) from a slot.
· NR does not support HARQ-ACK bundling of TBs from multiple component carriers (CC). This may be revisited if some usage scenario is found.


3. Summary
This document presented our views on bundling options of HARQ-ACK feedback bits. The following is a summary of our proposals in this contribution.
Proposals:
· NR supports HARQ-ACK bundling of transport blocks (TB) from multiple slots. FFS on the details of the bundling.
· NR does not support HARQ-ACK bundling of codewords (CW) from a slot.
· NR does not support HARQ-ACK bundling of TBs from multiple component carriers (CC). This may be revisited if some usage scenario is found.
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