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1. Introduction

During RAN1 meetings [1 - 6], there was discussion on UCI on UL data channel in NR (denoted “NR-PUSCH” hereafter) and UL signal/channel multiplexing and the followings were agreed.
	Agreements:
· For PUCCH in short-duration,

· At least semi-static configuration for the following is supported.

· A PUCCH resource of a given UE within a slot.

· i.e., short-PUCCHs of different UEs can be TDM’ed within the given duration in a slot.

· For a slot having short UL-part (i.e., DL-centric slot):

· ‘Short PUCCH’ and data can be FDMed by one UE if a data is scheduled on the short UL-part.
Agreements:

· Both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot
Agreements:

· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.

· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.

· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH

· FFS: other multiplexing scheme(s) between the two NR-PUCCHs

· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)
Agreements:
· For frequency first mapping, UCI resource mapping principles (e.g., around RS) are common for PUSCH with DFT-s-OFDM waveform and CP-OFDM waveform

· At least for periodic CSI report configured by RRC and aperiodic CSI report triggered by UL grant, the UL data is rate-matched around the UCI
Working assumptions:
· For slot-based scheduling, for HARQ-ACK with more than 2 bits, PUSCH is rate-matched.
· For slot-based scheduling, for HARQ-ACK with up to 2 bits, PUSCH is punctured.
· Note: NR ensures sufficiently reliable common understanding on HARQ-ACK bits between gNB and UE.


In this contribution, based on the above agreements and conclusions, we discuss on consideration points for UCI piggyback on NR-PUSCH and multiplexing between NR-PUCCH and other UL channels/signals for NR.
2. UCI piggyback on PUSCH
2.1. Rate-matching/puncturing on UL data

In RAN1 #90 meeting [6], after vigorous discussion, PUSCH puncturing for HARQ-ACK with up to 2 bits and PUSCH rate-matching for HARQ-ACK with more than 2 bits was agreed as working assumption. However, it seems that there is no clear reason/benefit for supporting both of puncturing and rate-matching on PUSCH for UCI piggyback according to HARQ-ACK payload size including the reason why 2 bits is to be the switching point between puncturing and rate-matching. In this regard, it is necessary to reconsider carefully on whether the current working assumption is technically reasonable way or just a compromised solution. In this sense, for design simplicity, we propose to have a single solution (e.g., puncturing or rate-matching) regardless of HARQ-ACK payload size. 
Proposal #1: For HARQ-ACK piggyback on PUSCH, one of the following options is applied regardless of HARQ-ACK payload size.

· Option 1: PUSCH is rate-matched

· Option 2: PUSCH is punctured

Between the two options, we prefer to support puncturing on PUSCH for HARQ-ACK. The reason why puncturing instead of rate-matching is performed for HARQ-ACK is due to possible misalignment for HARQ-ACK payload size between gNB and UE if a UE misses DL assignment. In case when puncturing is applied, regardless of whether HARQ-ACK is piggybacked or not, gNB may succeed to decode UL data with the help of non-punctured symbols. If rate-matching on PUSCH for HARQ-ACK is supported, it should be ensured to have a common understanding on HARQ-ACK payload size between gNB and UE (e.g., by indicating HARQ-ACK codebook information (or payload size) in UL grant). In this rate-matching case, moreover, considering dynamic/flexible UL HARQ (UL grant-to-PUSCH) timing in NR, to align HARQ-ACK payload size between gNB and UE would be burden in gNB since prediction of future DL scheduling is required in the gNB scheduler. For example, if actual number of scheduled PDSCHs is larger (or smaller) than gNB’s prediction, it can cause overflow (or increase of PUSCH code rate unnecessarily). For the overflow case, handling on the overflowed HARQ-ACK bits (e.g., reduction of UCI payload by applying ACK/NACK bundling) might be necessary.
2.2. UCI mapping
For UCI piggyback on NR-PUSCH, detailed mapping for UCI (i.e., selection of the REs used for the UCI among UL data resource) may need to be considered. Similar to LTE system, UCI having high priority (e.g., HARQ-ACK) could be mapped in the adjacent symbol(s) of (front-loaded) DM-RS symbol(s) to minimize performance degradation due to channel estimation error. For example, UCI can be mapped in the symbols adjacent to (front-loaded) DM-RS symbol first. Moreover, additional DM-RS can be used for NR-PUSCH transmission according to channel condition (e.g., high UE speed, high frequency band). In this case, it can be considered to apply different UCI mapping according to the configured DM-RS pattern for NR-PUSCH. For example, UCI can be mapped around both of basic DM-RS symbol(s) and additional DM-RS symbol(s).

Proposal #2: Consider UCI mapping around NR-PUSCH DM-RS symbol(s) for the UCI reliability in case of UCI piggyback on NR-PUSCH.
In RAN1#89, it was agreed that UCI piggyback on NR-PUSCH is supported for both DFT-s-OFDM waveform and CP-OFDM waveform. Unlike NR-PUSCH with DFT-s-OFDM waveform where frequency diversity gain can be achieved with any UCI mapping (due to DFT spreading), distributed UCI mapping in frequency domain should be considered for NR-PUSCH with CP-OFDM waveform for achieving frequency diversity gain. For example, UCI REs can be distributed among N (e.g., 4) clusters which separate NR-PUSCH in the frequency domain. Then, every N modulated UCI symbols can be alternatively mapped to N REs from N clusters (e.g., 1 RE per cluster) within a symbol based on the predefined mapping order between clusters. In a cluster, modulated UCI symbols can be mapped according to the subcarrier index/order within the cluster. The left side in Figure 1 shows an example when the mapping order between clusters is [cluster 0 ( cluster 1 ( cluster 2 ( cluster 3] and the mapping order within cluster is frequency ascending order and frequency-first mapping of UCI is applied. The right side in Figure 1 shows the case when the mapping order between clusters is changed to [cluster 0 ( cluster 3 ( cluster 2 ( cluster 1] which is similar to the ordering of UCI mapping symbols in current LTE.
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Figure 1: Example of UCI distribution in frequency domain
Proposal #3: Consider frequency-domain distribution of the UCI REs for frequency diversity in case of UCI piggyback on NR-PUSCH.

Considering some applications such as HARQ latency reduction and CBG (code block group) based (re)transmission (associated with potential URLLC puncturing), frequency-first mapping of UL data in NR-PUSCH is needed to be supported. In such as case, however, if UCI is piggybacked by puncturing UL data on NR-PUSCH and UCI REs are mapped by frequency-first manner, (consecutive) coded bits of code blocks (CBs), which are mapped in the same symbols where UCI REs are mapped, can be significantly punctured. To prevent this case, time-domain UCI distribution can be considered (on top of frequency-domain UCI distribution) when UCI mapping punctures UL data on NR-PUSCH. For example, if N (e.g., 4) clusters based frequency domain UCI distribution is applied, every N modulated UCI symbols can be alternatively mapped to N REs from N clusters (e.g., 1 RE per cluster) within a symbol according to the mapping order between clusters (as in the above) and then UCI mapping in similar manner can be performed by moving to the next symbol to avoid excessive puncturing on a certain symbol. Figure 2 shows an example when the mapping order between clusters is [cluster 0 ( cluster 1 ( cluster 2 ( cluster 3].
[image: image3.emf] 

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Time

F

r

e

q

.

C

l

u

s

t

e

r

 

0

C

l

u

s

t

e

r

 

1

C

l

u

s

t

e

r

 

2

C

l

u

s

t

e

r

 

3

X X-th UCI symbol

PUSCH DM-RS


Figure 2: Example of UCI distribution in time/frequency domain
Additionally, time-first resource mapping of UL data in NR-PUSCH can be also supported for DFT-s-OFDM waveform. In this case, time-domain localization of UCI can be applied to enhance the reliability of UCI by mapping it on the symbol(s) adjacent to DM-RS.
Proposal #4: Different UCI mapping rule (e.g., distribution or localization in time-domain) can be applied according to whether UL data in PUSCH is mapped by frequency-first manner or time-first manner and whether UCI is punctured or rate-matched on PUSCH.
In general, there can be two ways for UCI RE mapping. One is to define UCI RE mapping pattern which is different from UL data RE mapping as shown in Figure 1 and 2 where UCI RE mapping is a cluster based mapping while UL data mapping is frequency-first mapping. The other one is to define a common RE mapping pattern for UCI and UL data. In latter case, coded bits of UCI can be distributed to the multiple CBs by evenly rate-matching/puncturing coded date bits across multiple CBs. After that, frequency-first or time-first RE mapping can be applied to the concatenated UCI and UL data.
2.3. UCI piggyback for short NR-PUCCH
Under NR system environments, it may be required to consider multi-beam operation based on analog (or hybrid) beamformed transmission and large power transient between UL data and control channel. In other words, it would be beneficial to differentiate gNB RX-beam direction between UL data channel and UL control channel with TDM for flexible scheduling, and it would be better to avoid potential performance loss due to large power transient between UL data and control channels as much as possible. In this sense, it may be necessary to consider UCI piggyback on UL data channel not only in case with long duration NR-PUCCH (i.e., UL control channel in NR) but also in the case with short duration NR-PUCCH which is TDMed with NR-PUSCH. In addition, for UCI piggyback for short duration PUCCH, conditional UCI piggyback on UL data channel can also be considered. For example, the piggyback operation can be conditionally allowed only when the processing time budget for UCI (e.g. according to the HARQ timing indicated by DL scheduling grant DCI) is sufficient even with piggybacking on the UL data channel which may start earlier in time.
Proposal #5: Consider UCI piggyback on NR-PUSCH for short NR-PUCCH.
2.4. UCI on NR-PUSCH with different numerology
Similar to LTE, if a UE is configured with CA and is not configured for simultaneous NR-PUSCH and NR-PUCCH transmission, UCI can be transmitted on one of (scheduling) NR-PUSCHs from multiple CCs. According to this operation, there can be a case where numerology of NR-PUCCH Cell and NR-PUSCH Cell is different. In terms of SCS (subcarrier spacing), two cases can be considered as below.
· Case 1: NR-PUCCH SCS > NR-PUSCH SCS
· Case 2: NR-PUCCH SCS < NR-PUSCH SCS
In Case 1, more than one NR-PUCCH slots can be overlapped with one NR-PUSCH slot in time domain. For example, if SCSs of NR-PUCCH and NR-PUSCH are 30 kHz and 15 kHz, respectively, there can be 2 NR-PUCCHs (e.g., PUCCH 1, PUCCH 2) corresponding to one NR-PUSCH. Then, due to potential DCI (e.g., DL assignment) missing, it would be reasonable to separate UCI REs corresponding to PUCCH 1 and PUCCH 2 on the NR-PUSCH. In addition, for UCI piggyback of NR-PUCCH later than NR-PUSCH transmission (e.g., PUCCH 2), it may be required to consider how to guarantee the UE processing time for UCI encoding. In Case 2, on the other hand, more than one NR-PUSCH can be overlapped with one NR-PUCCH in time domain. In such as case, one of scheduled NR-PUSCHs (e.g., first or last) which overlapped with the NR-PUCCH can carry the UCI of the NR-PUCCH.
Proposal #6: Consider UCI piggyback on NR-PUSCH which having different numerology (e.g., SCS) from NR-PUCCH in CA.
· Case 1: NR-PUCCH SCS > NR-PUSCH SCS

· Case 2: NR-PUCCH SCS < NR-PUSCH SCS

3. UL multiplexing 
3.1. Multiplexing between short PUCCH and UL data/SRS

For the case with resource overlapping between short PUCCH and UL data for a same UE within a slot, puncturing of UL data resource overlapped with the short PUCCH can be applied. Considering the possibility that the DCI indicating short PUCCH transmission is missed in the UE, the puncturing operation is more reasonable rather than the rate-matching operation. Depending on the waveform applied to UL data, different puncturing alternatives (i.e., RE/RB/symbol level puncturing) can be considered (e.g. RE/RB level puncturing for CP-OFDM, symbol level puncturing for DFT-s-OFDM). If RE/RB level puncturing is applied for UL data with DFT-s-OFDM, DFT size can be reduced according to the portion of punctured resource. In addition, conditional UCI (scheduled to be transmitted on short PUCCH) piggyback on UL data channel can also be considered. For example, the piggyback operation can be conditionally allowed only when the processing time budget for short PUCCH (e.g. according to the HARQ timing indicated by DL scheduling grant DCI) is sufficient even with piggybacking on the UL data channel which may start earlier in time.

For the case with short PUCCH and UL data for different UEs within a slot, rate-matching of UL data resource around the short PUCCH can be applied. The rate-matching operation can be performed by symbol level or RB level (for example, in case when UL control subband or region is configured), and can be done based on semi-static configuration or dynamic indication. Specifically, in order to support the multiplexing of UL data transmission and UL control region configured for the short PUCCH transmission, following three options can be considered.

· Option 1: Semi-static configuration of UL control region

· Option 2: Dynamic indication of UL data ending symbol (or UL data rate-matching)
· Option 3: Dynamic indication of UL control region

For Option 1, it can be defined that the UL data is always rate-matched around semi-statically configured UL control region regardless of whether the actual short PUCCH transmission is existed in the UL control region (from the network perspective) or not. Therefore, this option might be able to result in the useless rate-matching of UL data. In Option 2, the UL data rate-matching can be achieved by non-overlapping between UL data and UL control region in the time domain. In other words, the ending symbol of UL data is indicated by DCI (e.g. UL grant) such that the UL data is not overlapped with UL control region. Compared with Option 1, it seems beneficial that the UL control region can be utilized for UL data if the short PUCCH transmission is not existed (or not occurred) in the UL control region. However, for Option 2, additional mechanisms to utilize (or schedule) the remaining resource which is FDMed with the UL control region for same time duration needs to be further investigated. For Option 3, the UL control region which needs to be rate-matched is dynamically indicated by DCI (e.g. UL grant) based on the similar manner with ARI in the LTE system. Here, for example, the multiple candidates of UL control region can be preconfigured via higher layer signalling from gNB, and then one of the candidates can be indicated by DCI. This option may be preferable in terms of resource utilization while it may require DCI overhead for the indication of UL control region. 

Proposal #7: For the case with resource overlapping between short PUCCH and UL data for a same UE within a slot, puncturing of the UL data resource overlapped with the short PUCCH or (conditional (short) UCI piggyback on UL data channel) can be applied. For the case with short PUCCH and UL data for different UEs within a slot, rate-matching of UL data resource around the short PUCCH (by symbol or RB level) can be applied. 

In RAN1 #90 meeting [6], it was agreed to support TDM between short PUCCH and SRS for the same UE perspective. In addition to this, if a UE is not in the power limited case, it can be also considered for the UE to support FDM between short PUCCH and SRS. For the case with short PUCCH and SRS for different UEs within a slot, the resource overlapping can be avoided by gNB scheduling. Furthermore, to support efficient UL resource utilization, it may be necessary to investigate on which multiplexing scheme (e.g. FDM) is used between short PUCCH and SRS. For instance, it can be considered to support RE level FDM between SRS and short PUCCH by using comb-type PUCCH resource mapping [7].

Porposal#8: Multiplexing between short PUCCH and SRS within a same slot is to be supported for efficient UL resource utilization. For the case with resource overlapping between short PUCCH and SRS for a same UE within a slot, dropping of SRS can be considered. For the case with short PUCCH and SRS for different UEs within a slot, the resource overlapping can be avoided by gNB scheduling.
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Figure 3: An example of multiplexing between short PUCCH and UL data/SRS in a slot

Considering various UL channel/signal combinations including the above cases, it may be necessary to devise a principle to handle the collision between those UL channels and signals. One potential approach of prioritization rule is that the channels/signals able to be multiplexed with multiple UEs (e.g., NR-PUCCH) are prioritized over others, and then short duration channels/signals are prioritized over long duration channels/signals. For example, if long duration NR-PUSCH and short duration NR-PUCCH are collided within a slot as in the above case, short duration NR-PUCCH can be prioritized over long duration NR-PUSCH by puncturing the NR-PUSCH resource over NR-PUCCH. Note that the collision handling (e.g., as proposed in this Section 3) can be also applied for the power limitation case even without resource collision in frequency domain with similar manner.

3.2. Multiplexing between two short PUCCHs

According to the agreements in RAN1#88bis meeting, TDM between two short PUCCHs is supported for the same UE (in adjacent symbols) within a slot. In this case, if those two short PUCCHs are transmitted with different transmit power, PUCCH performance degradation can be expected due to the impact of power transient period. To figure out this problem, it can be considered to apply power adjustment (e.g. by setting equal power for two TDMed short PUCCHs) or power transient period setting (e.g. to be absorbed in the PUCCH with low priority UCI type) or dropping one PUCCH (e.g. dropping one UCI with low priority or transmitting joint UCI on one of two PUCCHs).

Furthermore, FDM between two short PUCCHs (i.e., simultaneous transmission of two short PUCCHs) may be considered for the same UE in a slot. In addition, dropping rule (e.g. depending on UCI type) can be considered for power limited case or based on UE capability. 

Porposal#9: Transmission of TDMed or FDMed short PUCCHs in a slot is to be considered in terms of power transient period and power limited situation.

3.3. Multiplexing between long PUCCH and UL data/SRS

For the case with both long PUCCH and UL data for a same UE within a slot, it can be considered that long PUCCH and UL data having different durations are multiplexed within a slot for a same UE. For example, the time-domain resource for long PUCCH can be semi-statically configured considering the maximum length of DL control region and DL-to-UL gap, but UL grant can indicate the starting symbol of UL data after actual DL control region (shorter than the maximum) and DL-to-UL gap. As a result, long PUCCH and UL data can have different starting symbol and different duration. In this case, it would be necessary to further discuss transmit power handling for power limited case or how to fill symbols not occupied with PUCCH to avoid power transient event as well as UL resource waste (e.g., by transmitting UL data or RS symbol of PUCCH).

For the case with resource overlapping between long PUCCH and SRS for a same UE within a slot, the symbol level rate-matching of long PUCCH (e.g. like shortened PUCCH format in LTE) or dropping of SRS can be considered.
Proposal #10: For the case with both long PUCCH and UL data for a same UE, it can be considered to support multiplexing between long PUCCH and UL data having different durations in terms of power handling and resource utilization.

Proposal #11: For the case with resource overlapping between long PUCCH and SRS for a same UE, symbol level rate-matching of long PUCCH or dropping of SRS can be considered. 

3.4. Multiplexing between long PUCCH and long/short PUCCH

According to the agreements in RAN1#88bis meeting, TDM between long PUCCH and short PUCCH is supported for the same UE within a slot. In this case, if those two PUCCHs are transmitted with different transmit power, PUCCH performance degradation can be expected due to the impact of power transient period. To figure out this problem, it can be considered to set the power transient period to be absorbed in one of the two PUCCHs (e.g. in long PUCCH).

Furthermore, FDM between long PUCCH and short PUCCH can be supported for the same UE in a slot, for example, considering the situation that HARQ-ACK feedback on short PUCCH is indicated after long PUCCH is allocated in the same slot for CSI report. Figure 4 depicts an example of FDM between long PUCCH and short PUCCH in a slot, where 11-symbol long PUCCH with frequency hopping is composed of 5 symbols in the first hop and 6 symbols in the second hop as explained in our companion paper [4]. On top of supporting the simultaneous transmission of two short PUCCHs, dropping of one PUCCH (e.g. depending on UCI type) or symbol level rate-matching of long PUCCH (e.g. like shortened LTE PUCCH format) can be considered for power limited case or based on UE capability.

Regarding TDM between two long PUCCHs for the same UE in a slot, it requires further discussion on the necessity and motivation or practical use case (e.g. in which case TDMed two long PUCCHs in a slot would be necessary for the same UE). For FDM case such as the collision of long PUCCHs in the same slot, UE may combine UCIs and transmit the UCI on one of the collided long PUCCHs to preserve low PAPR (similar to LTE UE behaviour).
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Figure 4: An example of multiplexing between long NR-PUCCH and short NR-PUCCH in a slot

Porposal#12: Transmission of TDMed or FDMed long PUCCH and short PUCCH in a slot is to be considered in terms of power transient period and power limited situation. 
In this section, we discussed multiplexing between NR-PUCCH and other UL channels/signals in a single carrier. For the case where multiple different UL channels/signals are transmitted in different carriers or different types of UCI are configured to be transmitted in a same slot, it may be necessary to investigate the relevant handling method based on predefined prioritization (including the consideration of power limited situation).

4. Transient period
In RAN1#NR Ad-Hoc#2, RAN4 approved one LS [5] related to transient period placement and requested RAN1 to study for further different options. Therefore, we discuss in this section on how to locate or handle transient period according to the multiplexing structure (i.e., TDM or FDM) among short PUCCH, long PUCCH, UL data, and SRS as the following 5 cases.

Case 1) TDM between short PUCCH and short PUCCH

As shown in Fig. 3, transient period can be shared with two short PUCCHs (Fig. 3(a)) or can be located on only one (e.g., with 1-symbol or carrying low priority UCI) of two short PUCCHs (Fig. 3(b)). In addition, transmit power of two PUCCHs can be adjusted to be the same in order to avoid power transient period.
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Figure 3: Two options for transient period placement

Case 2) TDM between short PUCCH and long PUCCH (or UL data)

In this case, short PUCCH can be prioritized over long PUCCH (or UL data) and transient period can be located only on long PUCCH (or UL data). If short PUCCH and long PUCCH (or UL data) are in the same slot, joint UCI transmission on long PUCCH (or UL data) can be considered.

Case 3) TDM between SRS and short PUCCH

Similar to Case 1), transient period can be shared between SRS and short PUCCH or can be located on only SRS or short PUCCH depending on UCI type or SRS type. In addition, transmit power of SRS and short PUCCH can be adjusted to be the same in order to avoid power transient period.

Case 4) TDM between SRS and long PUCCH (or UL data)

Transient period can be shared between long PUCCH (or UL data) and SRS (Option 1) or can be located on only long PUCCH (or UL data) or SRS (Option 2). One of Option 1 and Option 2 can be selected based on the length of long PUCCH (or UL data) or PUCCH format (e.g., whether OCC is applied or not).

Case 5) FDM between PUSCH and long PUCCH

As shown in Fig. 4, if long PUCCH and UL data having different lengths are multiplexed in a slot by FDM manner, transient period can be needed on the symbol boundary of overlapped region (i.e., symbol #4/5 or symbol #13/14 in Fig. 4). In this case, it would be more beneficial to absorb transient period in the preceding channel for the start of overlapped region (i.e., transient period only on symbol#4 of PUSCH in Fig. 4) and in the following channel for the end of overlapped region (i.e., transient period only on symbol #14 of PUSCH in Fig. 4). Otherwise, transient period can be impacted on both of overlapped channels.
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Figure 4: FDM between long PUCCH and UL data having different durations
Proposal #13: It should be considered on how to locate or handle transient period according to the multiplexing structure (i.e., TDM or FDM) among short PUCCH, long PUCCH, UL data, and SRS.

5. Conclusion
In this contribution, we discussed consideration points of UCI piggyback on NR-PUSCH and multiplexing between NR-PUCCH and other UL channels/signals. The proposals of this contribution are summarized as follows.

Proposal #1: For HARQ-ACK piggyback on PUSCH, one of the following options is applied regardless of HARQ-ACK payload size.

· Option 1: PUSCH is rate-matched

· Option 2: PUSCH is punctured

Proposal #2: Consider UCI mapping around PUSCH DM-RS symbol(s) for the UCI reliability in case of UCI piggyback on NR-PUSCH.
Proposal #3: Consider frequency-domain distribution of the UCI REs for frequency diversity in case of UCI piggyback on NR-PUSCH.

Proposal #4: Different UCI mapping rule (e.g., distribution or localization in time-domain) can be applied according to whether UL data in PUSCH is mapped by frequency-first manner or time-first manner and whether UCI is punctured or rate-matched on PUSCH.
Proposal #5: Consider UCI piggyback on NR-PUSCH for short duration NR-PUCCH.
Proposal #6: Consider UCI piggyback on NR-PUSCH which having different numerology (e.g., SCS) from NR-PUCCH in CA.
· Case 1: NR-PUCCH SCS > NR-PUSCH SCS

· Case 2: NR-PUCCH SCS < NR-PUSCH SCS
Proposal #7: For the case with resource overlapping between short PUCCH and UL data for a same UE within a slot, puncturing of the UL data resource overlapped with the short PUCCH or (conditional (short) UCI piggyback on UL data channel) can be applied. For the case with short PUCCH and UL data for different UEs within a slot, rate-matching of UL data resource around the short PUCCH (by symbol or RB level) can be applied. 

Porposal#8: Multiplexing between short PUCCH and SRS within a same slot is to be supported for efficient UL resource utilization. For the case with resource overlapping between short PUCCH and SRS for a same UE within a slot, dropping of SRS can be considered. For the case with short PUCCH and SRS for different UEs within a slot, the resource overlapping can be avoided by gNB scheduling.
Porposal#9: Transmission of TDMed or FDMed short PUCCHs in a slot is to be considered in terms of power transient period and power limited situation.

Proposal #10: For the case with both long PUCCH and UL data for a same UE, it can be considered to support multiplexing between long PUCCH and UL data having different durations in terms of power handling and resource utilization.

Proposal #11: For the case with resource overlapping between long PUCCH and SRS for a same UE, symbol level rate-matching of long PUCCH or dropping of SRS can be considered. 

Porposal#12: Transmission of TDMed or FDMed long PUCCH and short PUCCH in a slot is to be considered in terms of power transient period and power limited situation. 

Proposal #13: It should be considered on how to locate or handle transient period according to the multiplexing structure (i.e., TDM or FDM) among short PUCCH, long PUCCH, UL data, and SRS.

6. Reference

[1] RAN1 Chairman’s notes, RAN1#87
[2] RAN1 Chairman’s notes, RAN1 NR Ad-Hoc #1
[3] RAN1 Chairman’s note, RAN1 #88
[4] RAN1 Chairman’s note, RAN1 #88bis
[5] RAN1 Chairman’s notes, RAN1#89
[6] RAN1 Chairman’s note, RAN1 #90

[7] R1-1715876, “Design of short PUCCH for UCI of up to 2 bits for NR,” LG Electronics
