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In RAN1_86-Bis [1] [2], the following has been agreed for UL control channelization
· For UL control channel in short duration,
· 1 symbol duration of a slot is supported.
· FFS: a few symbol duration of a slot is supported.
· Mechanism enabling frequency-diversity is supported.
· In frequency-domain, a PRB (or multiple PRBs) is the minimum resource unit size for UL control channel.
· UE-specific RS is used for PUCCH transmission

In this contribution, the channelization and multiplexing in UL short duration is discussed. After Section 1, the rest of the contribution is organized as the following. In Section 2, the proposal of UL control channelization for short duration is discussed. In section 3, the impact of half CP due to split symbol is studied. No performance difference is observed between split symbol with half CP length and normal CP length. In Section 4, the multiplexing of UL control channel with UL data channel in UL short duration is discussed. In Section 5, the multiplexing of UL control channel with SRS in UL short duration is proposed. The conclusions are listed in Section 6. 
[bookmark: _Ref465589377][bookmark: _Ref462669569]UL control channelization in short UL duration
An example of UL control channelization in short UL duration is shown in Figure 1.  The short UL duration is assumed to consist of two short-symbols (with half of the data symbol duration in time) at the end of a slot.  For self-contained slots, in order to allow extra processing margin for PDSCH without increasing overhead, the DMRS and ACK/NACK are TDM’ed in time domain. The DMRS is transmitted in the first half-symbol while UCI transmitted in the second half symbol. The TDM of DMRS and UCI over two half-symbols has the following two advantages
1. By putting the UCI on the 2nd half-symbol of the UL short duration can relax UE ACK turn-around timeline for self-contained downlink-centric slot. (The 1st half-symbol of DMRS is an extra margin to process PDSCH and generate UCI waveform).  
2. With TDMed DMRS and UCI, PUCCH can apply DFT-S-OFDM waveform, which improves the PUCCH link budget (i.e. coverage) for the short UL duration because of low PAPR with DFT-S-OFDM waveform.  
3. By using two half-symbols with scaled numerology, rather than two regular symbols, the overhead from the short UL burst can be reduced. This will improve DL throughput.

Notice that for other non-time-critical UCI with more bits, the 2-symbol structure also allows UCI bits on the 1st symbol (using CP-OFDM waveforms) to achieve flexible DMRS densities. 
For mmW numerology with very short symbol length, we could have multiple symbols in the UL short duration, targeting different users with different beam directions. 


[bookmark: _Ref463021226]Figure 1: UL control channelization in short UL duration for a self-contained slot.
Proposal 1: Support two half-symbols structure with scaled numerology for UL short duration. 
· At lease for self-contained slot, DMRS for PUCCH is transmitted in the first half-symbol, while ACK/NACK is transmitted in the second half-symbol. 
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When single symbol duration is split into two half symbols with scaled numerology, the resulting CP lengths of the half symbols are also a half of that of single full symbol. Two scenarios are simulated to understand the impact of half CP length for two half symbol design on short PUCCH:
(1) 1-bit ACK/NAK transmission with 50% pilot overhead (i.e. TDM DM-RS and ACK/NACK)
(2) 20-bits UCI with 1/12 Pilot overhead. 
It is shown that the impact of half CP of two half symbols is negligible, and the performances for one full symbol and two half symbol design are essentially equivalent.
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[bookmark: _Ref471456124]Figure 2: Single Symbol and Two Half-Symbol ULSB design for ACK/NAK transmission
Figure 2 shows the single symbol and two half-symbol ULSB designs for ACK/NAK transmission. In Single Symbol ULSB design, ACK and NAK are assigned to two orthogonal sequences. In Two Half-Symbol design, the first half-symbol is fixed as a RS and the second half-symbol is the repetition of the RS with a possible sign flip based on ACK/NAK. It can be noticed that the repetition of a RS and the concatenation of RS and negative RS are orthogonal to each other. Thus, the performances of single symbol and two half-symbol designs should be equivalent, and the simulation results in Figure 3 indeed justify that.
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[bookmark: _Ref471457149]Figure 3: ACK/NAK performance for Single and Two Half-Symbol designs
Figure 3 shows the simulation results whose simulation parameters are summarized in the appendix. The red plot in Figure 3 shows the BLER for the single symbol design in Figure 2 (a), and the black plot shows the BLER for the two half symbol design in Figure 2 (b). The blue plot in Figure 3 shows the BLER for the two half symbol design when the CP is doubled to the CP length of single symbol design. The simulation shows that all three designs have similar performances, and no loss is observed for short CP length in two half-symbol design.
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[bookmark: _Ref471457404]Figure 4: Single Symbol and Two Half-Symbol OFDM design for pilot ratio 1/n (n>2)
When the pilot ratio is less than half, we can further TDM and FDM the pilot in the two half-symbol design. Figure 4 shows OFDM waveform based Single Symbol and Two Half-Symbol designs with pilot ratio 1/n (n>2). As shown in Figure 4 (b), the first half symbol in two half symbol design has the pilot ratio of 2/n and the second half symbol has only data. Thus, overall pilot ratio of the two half symbol design becomes 1/n. 
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[bookmark: _Ref471457962]Figure 5 BLER performance for Single Symbol and Two Half-Symbol OFDM design with pilot ratio=1/12
Figure 5 shows the BLER performances for two designs when the pilot ratio is 1/12. The simulation parameters are summarized in the appendix. The red plot in Figure 5 shows the BLER for the single symbol design in Figure 4 (a), and the black plot shows the BLER for the two half symbol design in Figure 4 (b). The blue plot in Figure 5 shows the BLER for the two half symbol design when the CP is doubled to the CP length of single symbol design. The simulation results show that the performance of Single Symbol and Two Half-Symbol designs are essentially equivalent. 
Observation 1: No performance difference is observed between split symbol with half CP length and normal CP length for PUCCH. 
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It is desirable to transmit “time critical” uplink payload data for users with good link budget in downlink-centric slot, so that they don’t need to wait for the uplink-centric slot. This will be an advantage over existing LTE TDD design. Therefore, in the short UL duration, how to multiplex PUCCH and PUSCH need to be addressed.
When PUCCH and PUSCH are transmitted by different users, they are simply FDM’ed in the short UL burst. 
When PUCCH and PUSCH are transmitted by the same user simultaneously, there could be two different options, similar as the options to multiplex simultaneous PUCCH with PUSCH in long UL duration [3]. Preferably, this could unify the design of short and long UL duration as much as possible. 
· Option 1: PUCCH is transmitted in adjacent RBs side by side with PUSCH, as shown in Figure 2.
· Option 2: PUCCH is multiplexed before DFT with PUSCH and piggybacked inside PUSCH, as shown in Figure 3. 



[bookmark: _Ref465889854]Figure 6: transmit PUCCH in adjacent RBs with PUSCH.


[bookmark: _Ref465889967]Figure 7: Piggyback PUCCH in PUSCH.

Proposal 2: For simultaneous PUCCH and PUSCH from the same UE, consider either piggyback PUCCH in PUSCH, or transmit PUCCH in adjacent RBs with PUSCH. 
[bookmark: _Ref466044848]Multiplex PUCCH with SRS in short UL duration
Another important aspect of short UL duration design is whether/how to multiplex PUCCH with SRS in the short UL duration. It is obviously desirable to support SRS transmission in short UL duration, since the long UL duration may not be available in each slot. 
Furthermore, the periodicity of SRS sounding and the periodicity of the long UL bursts are determined by different factors, respectively. It is not preferred to restrict the SRS transmission only within the long UL duration. Therefore, it is desirable that the network can configure SRS to be transmitted in either the long UL duration or short UL duration.  
One option to multiplex SRS with other control/data channels in the short UL burst is to FDM, as illustrated in Figure 4. In this example, SRS is transmitted in a reserved sub-band. e.g., top half of the whole system bandwidth, while DMRS and PUCCH are transmitted in the rest of the system bandwidth. The “SRS sub-band” can be swept across different slots. As shown in Figure 4, in the next slot, the “SRS sub-band” is shifted to the lower half of the whole system bandwidth, to complete the sweeping of the whole bandwidth sounding. 
However, it is important to mention that, when SRS and PUCCH are configured to transmit simultaneously in a short UL duration from the same UE, the inter-mod (e.g. IMD3) may be an issue, due to the potential non-contiguous tone assignment. There are two approaches to reduce the intermodulation. From eNB perspective, it should schedule SRS and PUCCH on adjacent tones whenever it is possible. From UE perspective, UE may drop SRS in current slot and delay SRS to later slot, if the intermodulation is too large to handle.


[bookmark: _Ref465609050]Figure 8: FDM SRS with UL control channel in short UL duration.

Proposal 3: For a UE with simultaneous PUCCH and SRS, UE may drop/delay SRS.  
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The following proposals are for UL channelization in short UL duration. 
Proposal 1: Support two half-symbols structure with scaled numerology for UL short duration. 
· At lease for self-contained slot, DMRS for PUCCH is transmitted in the first half-symbol, while ACK/NACK is transmitted in the second half-symbol. 

Proposal 2: For simultaneous PUCCH and PUSCH from the same UE, consider either piggyback PUCCH in PUSCH, or transmit PUCCH in adjacent RBs with PUSCH. 
Proposal 3: For a UE with simultaneous PUCCH and SRS, UE may drop/delay SRS.  
The following observations are for UL channelization in short UL duration.
Observation 1: No performance difference is observed between split symbol with half CP length and normal CP length for PUCCH.
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Appendix
1. Simulation Parameters for Section 3.1
	Parameters
	Single Symbol
	Two Half Symbol
	Two Half Symbol with Long CP

	PUCCH resources
	2048 tones
	1024 tones/symbol
	1024 tones/symbol

	UCI payload size
	1 bit (ACK/NAK)

	Channel estimation
	Realistic

	FFT size
	2048
	1024
	1024

	CP length
	144 Samples
	72 Samples 
	144 Samples

	Antenna Configuration
	1 TX – 24 RX

	Subcarrier Spacing
	15kHz



2. Simulation Parameters for Section 3.2
	Parameters
	Single Symbol
	Two Half Symbol
	Two Half Symbol with Long CP

	PUCCH resources
	72 tones (6 PRBs)
	36 tones/symbol 
	36 tones/symbol

	Overall Pilot Ratio
	1/12

	UCI payload size
	20 bit

	Channel estimation
	Realistic

	FFT size
	2048
	1024
	1024

	CP length
	144 Samples
	72 Samples
	144 Samples

	Antenna Configuration
	1 TX – 1 RX

	Subcarrier Spacing
	15kHz
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