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1 Introduction
In 3GPP RAN1#86bis [1], the following agreements regarding to design principles of PUCCH are made : 
Agreements:
· At least two ways of transmissions are supported for NR UL control channel

· UL control channel can be transmitted in short duration

· around the last transmitted UL symbol(s) of a slot
· FFS: How to define and treat the potential gap at the end of the slot
· FFS: in the other positions, e.g., the first UL symbol(s) of a slot

· TDMed and/or FDMed with UL data channel within a slot

· UL control channel can be transmitted in long duration

· over multiple UL symbols to improve coverage

· FDMed with UL data channel within a slot

· FFS how to multiplex with SRS

· The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth
“Multiplexing of PUCCHs of different UEs” and “multiplexing of PUCCH and PUSCH/SRS” are discussed in this contribution.
2 Multiplexing of PUCCH of different UEs
In LTE, multiplexing of PUCCHs is by CDM and FDM. 
· CDM : PUCCHs of different UEs may share the same PRB pair but still can be differentiated by code domain.

· FDM : PUCCHs of different UEs may use different PRB pairs

Considering PUCCH in long duration in NR, one of its advantages is to improve coverage, and therefore PAPR shall also be addressed. Sequence-based design is one candidate to address PAPR concern. For example, ZC sequence is applied in LTE PUCCH to reduce UL PAPR. Multiplexing by CDM is one efficient way for sequence-based PUCCH design. In addition, if number of UE is large, CDM only may not be enough. Therefore, FDM shall also be supported. Figure 1a shows the example of multiplexing of NR-PUCCH in long duration of different UEs
Proposal #1: For PUCCH in long duration, NR supports both FDM and CDM of PUCCH for different UEs.
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Figure 1. Multiplexing of PUCCHs
PUCCH in short duration for NR is something new compared to LTE system. Sequence-based design is also good in case of only few bits are transmitted, and therefore CDM shall also be supported. Similarly, FDM shall also be supported.

Proposal #2: For PUCCH in short duration, NR supports both FDM and CDM of PUCCH for different UEs.
On top of CDM/FDM multiplexing among PUCCHs, how does PUCCH resource assigned to different UEs to avoid collision is another open issue. In LTE, resource assignment of PUCCH is implicitly derived (related to the used CCE for DCI). Similar methodology may be as the starting point for NR. There are some design details necessary to be considered for NR. For example, the timing between PUCCH transmission and corresponding DCI may be dynamically indicated, which shall be taken into consideration. 
Observation #1: Implicitly derivation of PUCCH assignment, similar to LTE, may be a starting point. 

3 Multiplexing of PUCCH and PUSCH
3.1 In case of single-slot scheduling

It was agreed that, for PUCCH in short duration, PUCCH is TDMed and/or FDMed with PUSCH. For simplicity, the last symbol may be reserved for PUCCH all the time. However, there is resource waste if there is no PUCCH transmission at some moments. Hence, the dynamic indication of whether the last symbol is used for PUSCH improves the resource utilization. The discussion can further be distinguished by two scenarios : (also presented in Figure 2)
· PUCCH and PUSCH from the same UE

· UE is not in power-limited situation

PUSCH may be indicated “to use the last symbol”. As shown in Figure 2a/2b, there may be collision of PUSCH and PUCCH or not. In case of collision, rate matching or puncturing may be performed. Different power control mechanism may be applied to PUSCH and PUCCH. To ensure performance of PUCCH, one methodology is to only allow PUSCH to use the remaining power.
· UE is in power-limited situation

If there is PUCCH in the last symbol, PUSCH may be indicated “not to use the last symbol”, as shown in Figure 2c.
· PUCCH and PUSCH from different UE
PUSCH of the desired UE may be indicated to use the last symbol or not. The desired UE has no idea of PUCCH transmission from other UEs. It is NW’s responsibility to manage the collision. In addition, to improve UL capacity even more, NW may allow collision (fully or partial) in case eNB is equipped with advanced receiver, as shown in Figure 2f.
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Figure 2. Multiplexing of PUSCH and PUCCH in short duration

It is noted the key idea is that resource utilization can be improved if dynamically indicating whether the last symbol is used or not for PUSCH. The following design details, as discussed in the previous paragraph, are only as an example, and the design details shall be further studied.
Observation #2: Resource utilization can be improved if the usage of the last symbol of PUSCH can be dynamically indicated.

Observation #3: There are still many design details for PUSCH FDMed with PUCCH in short duration.

Regarding to PUCCH in long duration, PUCCH is FDMed with PUSCH. Resource for PUCCH in long duration may be configured cell-specifically or UE-specifically. In case of cell specific configuration, it is possible to do rate-matching/puncturing for collision of PUSCH and PUCCH. In the other hand, NW may manage the collision by appropriate scheduling. The design principles are similar to those discussed in the previous paragraph, and shall be studied further.

Observation #4: There are still many design details for PUSCH FDMed with PUCCH in long duration.

There are four possible slot types : DL-only, UL-only, DL-major, and UL-major, as shown in Figure 3. Indication of slot types is still an open issue. Configuration of slot types may be semi-statically configured by RRC or by some physical channels. Due to the potential benefit of resource utilization introduced by dynamic TDD, it is possible that some slots are semi-statically configured, and others are dynamically configured. For some dynamic slots, slot type may not be acquired in advance, and UE may not know if the first few symbols can be used for PUSCH transmission or not. Therefore, in case slot types are not known in advance, the index of starting OFDM symbol shall be also indicated in DCI to improve the resource utilization. As shown in Figure 4, there is no PDCCH transmission in slot #(n+1) in Figure 4a, and there is PDCCH transmission in Figure 4b. If slot type is not acquired in advance, UE has no idea if the first symbol can be used to transmit PUSCH or not. Therefore, indication the index of starting OFDM symbol of PUSCH shall be introduced into DCI
Observation #5: Resource utilization can be improved if the index of starting symbol of PUSCH can be dynamically indicated in case slot type is not known in advance.

Based on the observations in sub-section 3.1, we have the below proposal:
Proposal #3: The index of ending symbol of PUSCH is indicated (or derived) in DCI.

                     FFS the index of starting symbol of PUSCH is indicated (or derived) in DCI or not

                     FFS the detailed mechanism when PUSCH is FDMed with PUCCH in short or long duration.
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Figure 3. Examples of different slot types
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Figure 4. Indication of the index of starting OFDM symbol for PUSCH
3.2 In case of multi-slot scheduling

It was agreed that data transmission can be scheduled to span one or multiple slots. It is more flexible if the index of starting/ending symbol can be indicated for each slot. As shown in Figure 5, Case A and Case B are provided for comparison. Common indication means all scheduled slots share the same starting/ending index for PUSCH, and separate indication means there are separate indication for each scheduled slot. For Case A, since PDCCH is not used neither in slot #(n+1) nor slot #(n+2), the resource utilization of PUSCH is the same for both mechanisms. For Case B, separate indication provide better resource utilization. However, it takes much more control overhead in DCI especially when the slot-number of multi-slot scheduling is large, for example 4 or 8.
Observation #6: Separate indication of starting/ending symbol index of PUSCH for each slot provides better resource utilization of PUSCH with extra cost of control overhead in DCI.
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Figure 5. Indication of starting/ending symbol in case of multi-slot scheduling
4 Multiplexing of PUCCH and SRS
In LTE, PUCCH uses 14 symbols within one subframe, and SRS uses the last symbol within one subframe. When the last symbol of PUCCH collides to possible SRS transmission, PUCCH is not transmitted in the last symbol. In NR, SRS design is not ready yet. However, LTE-like SRS shall be the starting point for development, which means NR SRS may also use the last OFDM symbol within one slot (Note : slot is the scheduling unit in NR, not subframe is).

In NR, regarding to PUCCH in long duration, the design is not completed yet, and the last symbol of a slot may be included or not :
· If the last symbol is not included : there is no issue for multiplexing with SRS.

· If the last symbol is included : LTE’s rule for collision of PUCCH and SRS may be applied.
Therefore, there is no new issue for multiplexing of PUCCH in long duration and SRS.
PUCCH in short duration is to be introduced in NR. The multiplexing of PUCCH in short duration and SRS has to be discussed. Typically, SRS may be configured as whole-band or partial-band with hopping for eNB to obtain UL channel condition. Moreover, SRS is configured to use even subcarriers or odd subcarriers in LTE. When SRS is configured as whole-band and the only way of multiplexing of SRS and PUCCH in short duration (ex : one symbol) would be that “SRS uses even subcarriers, and PUCCH uses odd subcarriers, or vice versa”, as shown in Figure 6a. When SRS is configured as partial-band with hopping. It is possible to configured PUCCH to use the frequency PRBs which are not used by SRS, as shown in Figure 6b. However, the limitation may reduce the capacity of PUCCH. Therefore, it is beneficial to allow PUCCH to use even or odd subcarriers only for multiplexing with SRS within the same frequency band, as shown in Figure 6c/6d.

CDM of SRS and PUCCH in short duration seems another possible mechanism. However, due to SRS and PUCCH have different properties so that they may be assigned by different number of subcarriers. Therefore CDM is harder to be applied.
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Figure 6. Multiplexing of SRS and PUCCH in short duration
Proposal #4: PUCCH in long duration and SRS are TDMed.

                      PUCCH in short duration and SRS are FDMed.

To study the interleaved RE assignment for PUCCH in short duration.
5 Conclusion
In this contribution,“Multiplexing of PUCCHs of different UEs” and “multiplexing of PUCCH and PUSCH/SRS” are discussed. Based on our observation, we have the below proposals:
Proposal #1: For PUCCH in long duration, NR supports both FDM and CDM of PUCCH for different UEs.
Proposal #2: For PUCCH in short duration, NR supports both FDM and CDM of PUCCH for different UEs.
Proposal #3: The index of ending symbol of PUSCH is indicated (or derived) in DCI.

                     FFS the index of starting symbol of PUSCH is indicated (or derived) in DCI or not

                     FFS the detailed mechanism when PUSCH is FDMed with PUCCH in short or long duration.

Proposal #4: PUCCH in long duration and SRS are TDMed.

                      PUCCH in short duration and SRS are FDMed.

To study the interleaved RE assignment for PUCCH in short duration.
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