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1. Introduction
In RAN1 #87 meeting, following agreements were made [1]:
	Agreements:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 
· FFS: resource configuration details
· FFS other details of design
Agreement
· Asynchronous and adaptive HARQ is supported for DL


In this contribution, we propose our views on HARQ operation and reliability enhancement schemes.
2. Discussion
This section is organized as follows. In section 2.1, we discuss HARQ operation mainly focused on fast HARQ process and retransmission methods for grant-free UL transmission. In section 2.2, several schemes are proposed to improve reliability of control and data channels. In section 2.3, we discuss about multiplexing of control and data channels.
2.1.  HARQ operation
2.1.1. Fast HARQ process
For Cell-edge UEs, it could be insufficient to employ legacy HARQ process with short TTI because cell-edge UEs usually have low-quality channel and strong inter-cell interference. Thus, it could be beneficial for cell-edge UEs to employ fast HARQ schemes such as immediate retransmission assuming implicit NACK has been received, TTI extension (e.g., utilizing longer TTI and more resources for single transmission), and repetition. Also, the number of retransmissions can be increased by employing fast HARQ schemes to improve reliability. On the other hand, if fast HARQ operation is used for all UEs, it can incur high additional overhead. In this sense, it needs to be clarified when fast HARQ operation can be triggered. This is particularly important when fast HARQ operation is applied for uplink transmission. We introduce fast HARQ schemes as follows.
· (Trigger method) Fast HARQ operation can be triggered according to MCS level or at a pre-defined resource.
· (Target BLER adaptation) UEs change the target BLER of UL transmission according to the type of HARQ process. If fast HARQ process is applied, a lower target BLER at each transmission is applied because the number of transmissions increases. If HARQ process is not allowed, a higher target BLER is applied to satisfy the target reliability by a single transmission.

Proposal 1: For some UEs, consider fast HARQ process such as immediate retransmission, TTI extension, and repetition.

2.1.2. HARQ operation for grant-free UL transmission
Compared with downlink, uplink has more consideration points about employing HARQ process. For SR-triggered UL transmission, it is straightforward to employ grant-based retransmission for each UE. However, for grant-free UL transmission, both grant-based retransmission and grant-less retransmission can be considered. We propose following retransmission schemes.
· (UE-dedicated grant) gNBs allocate UE-dedicated resource for retransmissions. To do this, gNBs should know which UE transmits signals unless gNBs fail to decode the signals. Thus, each UE should have orthogonal signals to let gNBs recognize its data transmission. There are two types of indication signals as follows.
· (Additional signal) Additional signals can be allocated for UEs to indicate grant-free UL transmission. UEs should transmit the indication signal in a certain period of time after (or before) transmitting data in a grant-free UL resource. For example, SR resources and/or random access preambles can be allocated as indication signals.
· (DMRS) DMRS can be used to indicate grant-free UL transmission by allocating orthogonal DMRS to each UE. In this case, the maximum number of resource-shared UEs is upper-bounded by the maximum number of orthogonal DMRSs. Thus, the number of resource-shared UEs of this method is smaller than the above scheme but resource efficiency of this method is higher.
· (UE-common grant) gNBs allocate UE-common resource for retransmissions. For this scheme, gNBs don’t have to know which UE transmits signals but should know which group of UEs transmits signals unless gNBs fail to decode signals. Although this scheme cannot allocate a dedicated resource for retransmissions, it can reduce the collision probability because different groups have different retransmission resources and a retransmission resource is shared by only a group of UEs and not all UEs. Similar with the above scheme, two methods can be used to indicate signal transmission of a UE group. However, gNBs don’t have to allocate orthogonal resource to each UE but each UE can randomly select orthogonal resource. We propose two methods of UE grouping as follows.
· (Explicit grouping) gNBs allocate orthogonal indication signals to each group of UEs. As the number of retransmissions increases, gNBs can decrease the group size until the number of UEs in a group reaches 1 to eliminate collision.
· (Implicit grouping) UEs are randomly select orthogonal indication signals in an indication signal pool. Let’s assume that a resource pool of grant-free UL transmission is divided by N resource units and each resource unit has M orthogonal DMRSs. A UE randomly selects a resource unit and a DMRS to transmit its data. If a gNB detects a signal power at the m-th DMRS of the n-th resource unit but fails to decode, the gNB transmits UE-common grant for retransmission of the signal. This is a UE-common grant because several UEs could select the m-th DMRS of the n-th resource unit to transmit signals.
· (Grant-less) gNBs don’t transmit UL grants for retransmission. Instead, a UE could retransmit signals if it doesn’t receive ACK from gNBs. For enabling signal combining at gNBs, UE can send NDI and HARQ process ID through grant-free UL resource.
The above schemes have pros and cons. UE-dedicated grant makes retransmission contention-free. However, its resource efficiency is worse than the other schemes because additional indication signals are used or the number of resource-shared UEs is limited by the number of orthogonal DMRSs. UE-common grant reduces the collision probability as the number of retransmissions increases and can make contention-free retransmission after the second transmission. The resource efficiency of this scheme is higher than UE-dedicated grant. Grant-less doesn’t need additional signals. However, it doesn’t means that this scheme has higher resource efficiency than others. Collision probability of this scheme is still high at retransmissions. Thus, it would be necessary to reduce the collision probability by allocating additional resources for retransmission. In addition to that, allocating additional resources could be inefficient because gNBs don’t know exactly how much resource is needed for retransmission.

Proposal 2: For URLLC, consider grant-based retransmission for grant-free UL transmission 

2.2.  Reliability enhancement schemes

Reliability enhancement of control and data is one of the main targets of URLLC. We discuss several schemes to transmit control and data channel more reliably.
· (PSD boosting) PSD boosting by muting a part of resources can be considered. In this scheme, transmission power spectral density can be increased by muting a part of frequency resource within control/data transmission resource as illustrated in Figure 1. For example, resource for zero-power transmission can be defined PRB or PRB group level and is not used for control/data transmission. PSD boosting leads channel estimation performance gain by narrowing frequency resources and boosting RS transmission power especially in frequency-selective channel. If subcarrier spacing is increased for URLLC, frequency-selective channel problem seems to be more significant and the benefit from PSD boosting would be more effective.
· (Interference coordination) Interference coordination among cells can help reliable transmission of URLLC control and data additionally. To reduce interference level from neighbour cells, zero-power transmission resource can be coordinated among cells and resources used for control/data transmission can be protected from interference. Also, inter-cell coordination schemes to achieve macro diversity can be considered to overcome large-scale fading characteristics such as shadowing.

[image: ]
Figure 1. An example of PSD boosting

· (Multiple beam transmission) Another considerable approach to enhance reliability is transmitting control/data channel using multiple analog beam directions. In above 6 GHz spectrum region, analog beamforming can be applied for better coverage/efficiency. However, it can cause performance loss when analog beam direction is not tracked accurately. If control/data channel is not transmitted in accurate analog beam direction, it would be critical issue for low latency applications. As a provision for this problem, transmitting control/data signal using multiple analog beam directions can be investigated. It would require more time to transmit signal since same signal should be transmitted using multiple beam directions, but successful reception of signal at initial transmission is also important point to reduce latency.

Proposal 3: Schemes to enhance URLLC reliability are further investigated such as PSD boosting, ICIC, macro diversity, and transmission with multiple analog beam directions.

Although an HARQ operation is applied for grant-free UL transmission, it is still an important issue to improve the reliability of the first transmission where signals could collide with each other. In [3], it was shown that the BLER of non-orthogonal access schemes depends on channel estimation accuracy. Although different UEs have different DMRSs which are orthogonal each other, OFDMA outperforms NCMA (Non-orthogonal multiple access) in almost cases under the assumption of realistic channel estimation [3]. If different UEs use the same DMRS, the channel estimation performance is severely damaged and the BLER is also. 

Proposal 4: For URLLC, consider orthogonal DMRS allocation methods for grant-free UL transmission

2.3.  Multiplexing control and data channels

As agreed in RAN1#85 [2], to enable low latency, it is desirable to place DMRS in the first part of data transmission, and also it is desirable to finish control channel decoding before the end of first code block transmission such that data decoding can start immediately without additional latency from control channel decoding. In that sense, TDM transmission between control and data seems more natural choice compared to FDM for URLLC. However, it is noted that certain applications may require “higher” reliability with reasonable latency. For such application, enhancing control channel reliability via FDM (by localized transmission) is still considerable.
When TDM between PDCCH and PDSCH is applied, the OFDM symbol number for PDCCH needs to be changed dynamically to reduce unnecessary resource waste and maximize data resource. Common control signalling overhead to indicate PDCCH OFDM symbol number such as PCFICH would be burden especially for above 6 GHz considering analog beamforming is applied. So the blind detection of PDCCH using all possible OFDM symbol numbers would be necessary. To reduce blind decoding complexity of PDCCH without information of OFDM symbol region, resources composing a decoding candidate can be allocated within an OFDM symbol. This however may not apply to below 6 GHz case where efficient search space design depending on variable number of OFDM symbol numbers is critical. Also, since a UE may not know the accurate PDCCH OFDM symbol number even if it succeed to decoding PDCCH, starting OFDM symbol location of data can be indicated by DCI.
Proposal 5: TDM of PDCCH and related PDSCH should be considered as a base line for URLLC.

3. Conclusion
In this contribution, we studied control and data transmission of URLLC for DL and UL and our proposals are as follows:
Proposal 1: For some UEs, consider fast HARQ process such as immediate retransmission, TTI extension, and repetition.
Proposal 2: For URLLC, consider grant-based retransmission for grant-free UL transmission.
Proposal 3: Schemes to enhance URLLC reliability are further investigated such as PSD boosting, ICIC, macro diversity, and transmission with multiple analog beam directions.
[bookmark: _GoBack]Proposal 4: For URLLC, consider orthogonal DMRS allocation methods for grant-free UL transmission.
Proposal 5: TDM of PDCCH and related PDSCH should be considered as a base line for URLLC.
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