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1 Introduction

At the RAN1#88 meeting, the following agreements were made regarding short UL control channel [1]:

· For a given UCI payload, short-PUCCH is designed such that:

· UE multiplexing capacity can be less than that of long-PUCCH

· Performance including at least the following:

· Frequency-diversity

· Interference-diversity

· PAPR/CM and emission

· RS overhead

· Interference randomization should be enabled

· For more than 2 UCI bits, strive for scalable design with short-PUCCH 

Further, the following agreements were made on short UL control channel with 1 symbol duration [1]:

· For 1-symbol PUCCH, consider following options
· Option 1: RS and UCI of one UE are multiplexed by FDM manner in each symbol.

· Already agreed.

· Option 4: Sequence based design without RS only for small (1~2) payload size case
· Information is delivered by which sequence/code is transmitted
· Sequence is mapped over contiguous or non-contiguous REs

· UCI sequence can be CDMed with DMRS sequence of other UEs

· Option 5: Sequence based design with RS only for small (1~2) payload size case
· Information is delivered by which/what sequence/code is transmitted
· RS and UCI are multiplexed by CDM manner

· Option 6: Pre-DFT multiplexing of RS and UCI

· Consider for both small and large UCI payload size cases

· Possibility 1: {CP + Pilot} + {CP + Data} to avoid MPI b/w pilot and data

· Possibility 2: CP + {Pilot + Data} as current DFT-s-OFDM
· Other possibilities are not precluded
· Combination of above options are not precluded
· RAN1 will definitely down select above options in the next meeting
In this contribution, we present our view on multiplexing of UL data channel with short UL control channel for NR.  
2 Multiplexing of long UL data and UL control channel 
As agreed in the RAN1#87 meeting [3], NR supports FDM of “short UCI” and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping. The motivation of multiplexing of UL control channel with short duration in a FDM manner within the same symbol duration is to further improve UL data rate. As illustrated in Figure 1, the remaining resource which is not allocated for UL control channel can be assigned for UL data channel. 
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Figure 1. UL data channel transmission in UL control region 
In the time domain, UL data channel can span until the end of a slot. To enable dynamic resource sharing between UL data and control channel in the UL control region, the end position of UL data channel can be explicitly and dynamically signalled in a UL grant. In particular, in case when the signalled end position of UL data channel is greater than or equal to the UL control region, UL data channel can be transmitted in the resource allocated for short UL control channel.
In the frequency domain, to signal the resource for UL data channel transmission within the UL control region, several options can be considered as follows:
· Semi-static signalling: frequency resources in the UL control region which are reserved or not used for UL control channel or SRS can be semi-statically configured and used for UL data channel transmission. Further, UL data channel can rate-match around the frequency resources allocated for UL control channel or SRS transmission. 
· Dynamic indication: frequency resources used for UL data channel transmission within UL control region can be dynamically signaled in the DCI for UL grant. To achieve maximum spectrum efficiency, a reduced bitmap may be defined to indicate which PRB or RBG can be allocated for UL data channel transmission. 
It is evident that dynamic indication of resource for UL data channel within UL control region can provide better scheduling flexibility at the cost of increased signalling overhead in the DCI. On the contrary, allocating UL data resource within UL control region in a semi-static manner may be more desirable when frequency resource is reserved for UL control channel carrying periodic CSI report or SR. Hence, mechanisms to signal the resource for UL data channel transmission in the UL control region need to be carefully investigated with the consideration of signaling overhead and scheduling flexibility. 

Proposal 1
· To enable dynamic resource sharing of UL data and control channel, end position of UL data transmission is explicitly and dynamically signalled in a UL grant. 

· Mechanisms to signal the resource for UL data channel transmission in the UL control duration in the frequency domain need to be carefully investigated with the consideration of signaling overhead and scheduling flexibility.
3 Multiplexing of short UL data and short UCI

As agreed in the RAN1 NR Adhoc meeting [2], in the DL centric slot, short UCI and UL data can be multiplexed in a FDM manner by one UE if a data is scheduled on the short UL-part. Note that depending on resource allocation, short UL data and short control channel may be scheduled in contiguous or non-contiguous frequency resources. Figure 2 illustrates distributed transmission of UL data and control channel. In this case, IMD may be expected, which may not be desirable for power limited scenario as UE may need to perform power backoff for UL transmission. 
[image: image2.png][] puscH
B ruccH

slot




Figure 2. Short UL control and data channel in non-contiguous resources
To alleviate the IMD issue, in case of simultaneous transmission of short UL control and data channel, gNB may indicate UE to transmit short UL control and data channel in contiguous resources. As shown in Figure 3 a), UCI may be transmitted on both edges of resource allocated for UL data transmission, which can help improve the robustness of UL control channel by exploiting the benefit of frequency diversity. 

Alternatively, as shown in Figure 3 b), UCI may be interleaved with UL data transmission. This may help improve the channel estimation performance for short UL control channel if DM-RS for UL data transmission can be reused for UL control channel transmission. Similar to LTE, HARQ-ACK feedback can be transmitted adjacent to DM-RS for better channel estimation quality. This is critical as HARQ-ACK feedback cannot rely on retransmission and robust performance is required. 
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Figure 3. Multiplexing schemes for short UL data and control channel
Proposal 2
· For UCI on short data, UCI can be allocated on the frequency edge of or interleaved with short data transmission.
4 Conclusions

In this contribution, we shared our view on multiplexing of UL data channel with short UL control channel for NR. Based on the discussion, we summarize our views through the following proposals:
Proposal 1
· To enable dynamic resource sharing of UL data and control channel, end position of UL data transmission is explicitly and dynamically signalled in a UL grant. 

· Mechanisms to signal the resource for UL data channel transmission in the UL control duration in the frequency domain need to be carefully investigated with the consideration of signaling overhead and scheduling flexibility.
Proposal 2
· For UCI on short data, UCI can be allocated on the frequency edge of or interleaved with short data transmission.
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