3GPP TSG RAN WG1 Meeting 91




R1-1719927
Reno, USA, November 27th – December 1st, 2017
Agenda Item:
7.3.2.3
Source: 
LG Electronics

Title: 
UCI on PUSCH and UL channel multiplexing for NR
Document for:
Discussion and decision
1. Introduction

In RAN1 #90bis meetings [1] and the e-mail discussions [90b-NR-28, 90b-NR-41], there was discussion on UCI on PUSCH in NR and UL signal/channel multiplexing and the followings were agreed.
	Agreements:

· For grant based UL transmission, use DAI based mechanism similar to LTE to indicate UE the number of ACK bits for ACK piggyback on PUSCH. 

Agreements:

· Regarding handling the possibility of DL assignments later than UL grant, to down-select between:

· Alt 1: Limit to up to X ACK bits for later DL assignments. ACK bits for later DL assignments puncture PUSCH

· X=2 for slot-based scheduling

· FFS X for non-slot based scheduling

· Alt 2: Uplink grant indicates number of ACK/NACK bits including past and estimated future DL assignments. UE computes ACK/NACK resources based on indicated number of ACK/NACK bits 

· FFS other details

· If no consensus can be achieved by the end of this week, the following will be agreed:

· In Rel-15, do not support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH

Agreements:

· For ACK piggybacked on PUSCH, map ACK to distributed REs across PUSCH allocated RBs 

· Details FFS

Agreements:

· For CSI piggybacked on PUSCH, map CSI to distributed REs across PUSCH allocated RBs 

· Details FFS

Agreements:

· For CSI piggybacked on PUSCH, support splitting CSI mapping (at least for some CSI) into two parts, where the two parts are mapped differently 

· FFS details (e.g., grouping of different CSI types and map them into different REs, which types of CSI, etc.)

· FFS impact of frequency hopping (if any)

Agreements:

· For dynamically scheduled PUSCH transmission, a plurality sets of beta_offset values can be configured by RRC signalling, and PDCCH can dynamically indicate an index to a set. 

· Each set contains a plurality of entries, each corresponding a respective UCI type (including two-part CSI when applicable) 

· FFS the case when the index is not present in DCI

· The beta-offset is used to compute the amount of REs for each respective UCI on PUSCH similar to LTE

· The set of beta-offset values for each respective UCI use the respective set of values as in LTE as a baseline

· The values are subject to refinement especially taking into account different UL waveforms, differen UCI multiplexing mechanisms (puncturing vs. rate matching), etc.

· FFS impact of UL MIMO

· The number of sets of beta-offset values is to be down-selected between 2 or 4

· Implying 1 or 2 bits in DCI respectively

Agreements:
· If freq hop is disabled for PUSCH, CSI piggybacked on PUSCH follows freq first mapping rule

· FFS details

· FFS the case when hopping is enabled
Agreements:

· When HARQ-ACK piggyback on PUSCH, the same rule is applied to map encoded HARQ-ACK bits to HARQ-ACK REs, regardless of HARQ-ACK puncture or rate match PUSCH. 

· HARQ-ACK avoids puncturing PT-RS.

· Down select to one from the following two alternatives

· MAP HARQ-ACK to REs around DMRS symbol(s)

· Map HARQ-ACK to REs across as many symbols within PUSCH (excluding DMRS symbol) as possible in both frequency hops if applicable.
Agreements:

· Three Beta_offset values are defined as one set, when HARQ-ACK piggyback on PUSCH.

· Three values are corresponding to the following cases:

· The number of HARQ-ACK bits OACK≤2
· The number of HARQ-ACK bits falls into [ 3]≤OACK≤[11] 
· The number of HARQ-ACK bits OACK>[11] 
 Agreements:

· Four Beta_offset values are defined for CSI as one set, when CSI piggyback on PUSCH. 

· Four values are corresponding to the following cases:

· Regardless CSI type 1 or 2, the number of bits for CSI part 1 OCSI_part1≤[11]
· Regardless CSI type 1 or 2, the number of bits for CSI part 1 OCSI_part1>[11]
· Regardless CSI type 1 or 2, the number of bits for CSI part 2 OCSI_part2≤[11]
· Regardless CSI type 1 or 2, the number of bits for CSI part 2 OCSI_part2>[11]
Note: According to R1-1715288 and R1-1716901, CSI is always split into CSI part 1 and CSI part 2 when piggyback on PUSCH. (With CSI type 1, CSI part 2 does not exist when there is no PMI and with rank up to 4)

 Agreements:

· Semi-static Beta_offset indication is always applied with fallback DCI for UL assignment. 

· The Beta_offset values with semi-static Beta_offset indication could be different from with dynamic Beta_offset indication. 

Agreements:

· Semi-static Beta-offset indication is the default configuration for non-fall back DCI for UL assignment.

· The same sets of Beta_offset with fallback DCI are reused for HARQ-ACK and CSI respectively. 

 Agreements:

· If the UE is configured with dynamic Beta_offset and with non-fallback DCI for UL assignment, 4 sets of Beta_offset values are configured for HARQ-ACK and CSI respectively.  

· FFS: how to select one out of 4 sets of Beta_offset values

· Alt1: 2 bits in the non-fallback DCI to indicate one out of 4 sets of Beta_offset values

· Alt2: Implicit method to select one set of Beta_offset values based on other parameters signaled in DCI, e.g., MCS and/or rank of PUSCH. 

 Agreements:

· One table of Beta_offset values is used for HARQ-ACK in NR. Another table of Beta_offset values is used for both CSI part 1 and CSI part 2 in NR. Both tables contain 32 entries. 

· For the table of Beta_offset values for HARQ-ACK in NR, reuse the 16 entries from table 8.6.3-1 in 36.213. Other unused entries in this table are marked as reserved.

· For the table of Beta_offset values for both CSI part 1 and CSI part 2 in NR, reuse the 16 entries from table 8.6.3-3 in 36.213. Add the values 8, 10, 12.625, 15.875 and 20 to this table. Other unused entries in this table are marked as reserved.


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

In RAN1 NR Ad-Hoc#3 meeting [2], it was agreed to support PUSCH puncturing for HARQ-ACK with up to 2 bits and PUSCH rate-matching for HARQ-ACK with more than 2 bits. For the PUSCH rate-matching case, it should be ensured to have a common understanding on HARQ-ACK payload and its size between gNB and UE. In RAN1 90bis meeting [1], for dynamic HARQ-ACK codebook case, it was agreed for grant based UL transmission to use LTE-like DAI mechanism to indicate UE the UCI payload size of HARQ-ACK piggybacked on PUSCH. However, if both (DL) total DAI (in DL assignment) and UL DAI (in UL grant) exist and indicate total HARQ-ACK payload size for UCI piggyback, there can be a case where the two DAI have different values. Considering that UL DAI value is most recent information on HARQ-ACK payload size, it seems to be reasonable for UE to calculate PUSCH REs to be rate-matched assuming the HARQ-ACK payload size indicated by UL DAI rather than total DAI (in DL assignment). On the other hand, if semi-static HARQ-ACK codebook is configured, 1-bit on/off indication via UL grant, for example, whether to apply PUSCH rate-matching or whether rate-matching or puncturing is applied, may be sufficient for HARQ-ACK piggyback on PUSCH since HARQ-ACK payload size would be deterministic in case with semi-static codebook.
Proposal #1: For dynamic HARQ-ACK codebook case, UE rate-matches (or punctures) PUSCH REs assuming HARQ-ACK payload size indicated by UL DAI in UL grant.

Proposal #2: For semi-static HARQ-ACK codebook case, 1 bit on/off indication via UL grant is used for PUSCH rate-matching (or puncturing).

For PUSCH without UL grant (e.g., SPS PUSCH) or PUSCH without DAI indication (e.g., PUSCH scheduled by fallback DCI), another solution other than DAI mechanism should be considered to align the understanding between UE and gNB for the HARQ-ACK payload size (for UCI piggyback). One simple solution is to set a reference HARQ-ACK payload size (via RRC signalling) for UCI piggyback to a UE. Or, as a more flexible way, DCI for SPS activation can indicate HARQ-ACK payload size for HARQ-ACK piggybacking on PUSCH. In this case, the activation DCI can also indicate beta offset values.
Proposal #3: For HARQ-ACK piggyback on PUSCH without UL grant or DAI, HARQ-ACK payload size for PUSCH rate-matching/puncturing can be indicated to a UE with following options.

· Option 1: Configured by RRC signalling 
· Option 2: Indication via SPS activation DCI
2.2. UCI mapping
In the e-mail discussion [90b-NR-28], it was agreed to apply the same RE mapping rule for HARQ-ACK for both of PUSCH rate-matching and PUSCH puncturing cases. The remaining issue on the UCI mapping for HARQ-ACK is down selection between localized mapping (around DM-RS symbol(s)) and distributed mapping in time domain. It should be noted that the main reason to agree to apply the same RE mapping for HARQ-ACK regardless of PUSCH rate matching or puncturing is that puncturing patterns do not have a significant impact on PUSCH performance when HARQ-ACK is 1 or 2 bits. Therefore, there seems to be no reason to map HARQ-ACK RE distributed in the time domain. On the other hand, HARQ-ACK RE mapping around DM-RS symbol(s) can still be beneficial in terms of better channel estimation performance.
Proposal #4: For HARQ-ACK piggyback on PUSCH, map HARQ-ACK to localized REs around DM-RS symbol(s) in time domain.
Furthermore, HARQ-ACK and CSI can have the same RE mapping rule for simple implementation. For example, coded symbols for HARQ-ACK and CSI can be concatenated and then one unified RE mapping rule can be applied for the combined coded symbols. For UCI RE mapping, frequency first mapping can be used and UCI REs can be distributed among N (e.g., 4) clusters which separate PUSCH in the frequency domain. To be specific, every N UCI coded symbols can be alternatively selectively associated with N REs corresponding to N clusters (e.g., 1 RE per cluster) within a symbol based on the predefined mapping order between the clusters. Sequential UCI coded symbols in a cluster can be mapped to ascending (or descending) order of the subcarrier index/order within the cluster. Figure 2 shows an example of UCI mapping without additional DM-RS when the mapping order between clusters is [cluster 0 ( cluster 3 ( cluster 1 ( cluster 2] and the mapping order within cluster is frequency ascending order and frequency-first mapping of UCI is applied.
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Figure 1: Example of RE mapping rule for HARQ-ACK and CSI: w/o additional DM-RS
When additional DM-RS is configured, UCI can be mapped to localized REs around DM-RS symbol(s) according to UCI mapping order between symbols can be determined by predefined rule. For example, the smaller the minimum distance from DM-RS, the earlier the UCI mapping is performed and ordering between symbols having minimum distance from DM-RS can follows ascending (or descending) order of the symbol index. Figure 2 shows an example of UCI mapping with additional DM-RS when the mapping order between clusters is [cluster 0 ( cluster 3 ( cluster 1 ( cluster 2] and the mapping order within cluster is frequency ascending order and frequency-first mapping of UCI is applied. In this case, the UCI mapping order between (UCI mapping) symbols may have the order of 3, 10, 12, 4, 9, 13, 5, 8, 6, 7 in the OFDM symbol index.
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Figure 2: Example of RE mapping rule for HARQ-ACK and CSI: w/ additional DM-RS
Proposal #5: For UCI piggyback on PUSCH, a same RE mapping rule can be applied for both HARQ-ACK and CSI.
2.3. Determination of the number of UCI coded symbols
In LTE [2], for a PUSCH with UL-SCH, the number of coded symbols for HARQ-ACK and RI is determined based on the UL-SCH payload and beta_offset, as shown in below.
	When the UE transmits HARQ-ACK bits or rank indicator bits, it shall determine the number of coded symbols 
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where 
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is equal to 1 if UE is configured to send PUSCH and SRS in the same subframe for initial transmission or if the PUSCH resource allocation for initial transmission even partially overlaps with the cell specific SRS subframe and bandwidth configuration defined in Section 5.5.3 of [2]. Otherwise 
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Based on the agreement that the beta-offset is used to compute the amount of REs for each respective UCI on PUSCH similar to LTE, above equation (1) can be the starting point to determine the number of REs for UCI in NR. From equation (1) for deriving Q’, we can see that the maximum number of symbols for mapping HARQ-ACK (or RI) is limited to 4. However, in NR, it should be further discussed whether or not it is necessary to restrict the maximum number of symbols for UCI mapping since gNB can dynamically indicate beta_offset as well as the number of allocated RBs for PUSCH. In addition, it is worthwhile to note that it was agreed that Part 2 CSI information bits of partial subbands can be omitted in RAN1#90bis meeting in MIMO session. Based on the agreement, we may need to consider omitting some of Part 2 CSI information bits depending on remaining REs and/or coding rate for Part 2 CSI (or UL-SCH).
Next, we need to account for the case of PUSCH without UL-SCH. Similar to equation (1), the number of coded symbols for HARQ-ACK and RI is given by equation (2) as shown in below [2].
	5.2.4.1 
Channel coding of control information

Control data arrives at the coding unit in the form of channel quality information (CQI and/or PMI), HARQ-ACK and rank indication. Different coding rates for the control information are achieved by allocating different number of coded symbols for its transmission. When the UE transmits HARQ-ACK bits or rank indicator bits, it shall determine the number of coded symbols 
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where 
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 is the number of ACK/NACK bits, see also Section 5.2.2.6 for the two ACK/NACK feedback modes for TDD as configured by higher layers,  or rank indicator bits, 
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is equal to 1 if UE is configured to send PUSCH and SRS in the same subframe for the current subframe or if the PUSCH resource allocation for the current subframe even partially overlaps with the cell specific SRS subframe and bandwidth configuration defined in Section 5.5.3 of [2]. Otherwise 
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The only difference between equations (1) and (2) comes from the fact that the reference data payload size for calculation of Q’ does not exist for PUSCH without UL-SCH. Instead of UL-SCH payload size, the number of CQI bits including CRC bits assuming rank equals to 1 is considered for reference data payload size in equation (2). Since NR also supports UCI only PUSCH transmission, we need to determine the reference data payload size for UCI piggyback on UCI only PUSCH in NR (e.g., the number of Part 1 (or Part 2) CSI bits assuming rank equals to 1). Similar to the case of PUSCH with UL-SCH, it should be further discussed whether or not it is necessary to restrict the maximum number of symbols for UCI mapping. Also, we may need to consider omitting some of Part 2 CSI information bits depending on remaining REs and/or coding rate for Part 2 CSI. Note that the same UCI mapping rule for UCI only PUSCH can be applied also to long PUCCH in case that Part 1 CSI and Part 2 CSI are separately encoded.
Proposal #6: For UCI piggyback on PUSCH, it should be discussed whether or not it is necessary to restrict the maximum number of symbols for UCI mapping.
Proposal #7: For UCI piggyback on PUSCH without UL-SCH, it should be discussed how to determine the reference data payload size to derive the number of coded symbols at least for HARQ-ACK and Part 1 CSI.
2.4. UCI piggyback for short 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 PUCCH (i.e., UL control channel in NR) but also in the case with short duration PUCCH which is TDMed with 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 #8: Consider UCI piggyback on PUSCH for short PUCCH.
2.5. UCI on PUSCH with different numerology
Similar to LTE, if a UE is configured with CA and is not configured for simultaneous PUSCH and PUCCH transmission, UCI can be transmitted on one of (scheduling) PUSCHs from multiple CCs. According to this operation, there can be a case where numerology of PUCCH Cell and PUSCH Cell is different. In terms of SCS (subcarrier spacing), two cases can be considered as below.
· Case 1: PUCCH SCS > PUSCH SCS
· Case 2: PUCCH SCS < PUSCH SCS
In Case 1, more than one PUCCH slots can be overlapped with one PUSCH slot in time domain. For example, if SCSs of PUCCH and PUSCH are 30 kHz and 15 kHz, respectively, there can be 2 PUCCHs (e.g., PUCCH 1, PUCCH 2) corresponding to one 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 PUSCH. In addition, for UCI piggyback of PUCCH later than 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 PUSCH can be overlapped with one PUCCH in time domain. In such as case, one of scheduled PUSCHs (e.g., first or last) which overlapped with the PUCCH can carry the UCI of the PUCCH.
Proposal #9: Consider UCI piggyback on PUSCH which having different numerology (e.g., SCS) from PUCCH in CA.
· Case 1: PUCCH SCS > PUSCH SCS

· Case 2: PUCCH SCS < 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 #10: 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 [3], 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 [4].

Proposal #11: 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., PUCCH) are prioritized over others, and then short duration channels/signals are prioritized over long duration channels/signals. For example, if long duration PUSCH and short duration PUCCH are collided within a slot as in the above case, short duration PUCCH can be prioritized over long duration PUSCH by puncturing the PUSCH resource over 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. 

Proposal #12: 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 #13: 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 #14: 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 [5]. 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 PUCCH and short PUCCH in a slot

Proposal #15: 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 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 [6] 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 #16: 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 the remaining issues of UCI piggyback on PUSCH and multiplexing between PUCCH and other UL channels/signals. The proposals of this contribution are summarized as follows.

Proposal #1: For dynamic HARQ-ACK codebook case, UE rate-matches (or punctures) PUSCH REs assuming HARQ-ACK payload size indicated by UL DAI in UL grant.

Proposal #2: For semi-static HARQ-ACK codebook case, 1 bit on/off indication via UL grant is used for PUSCH rate-matching (or puncturing).

Proposal #3: For HARQ-ACK piggyback on PUSCH without UL grant or DAI, HARQ-ACK payload size for PUSCH rate-matching/puncturing can be indicated to a UE with following options.

· Option 1: Configured by RRC signalling 

· Option 2: Indication via SPS activation DCI
Proposal #4: For HARQ-ACK piggyback on PUSCH, map HARQ-ACK to localized REs around DM-RS symbol(s) in time domain.
Proposal #5: For UCI piggyback on PUSCH, a same RE mapping rule can be applied for both HARQ-ACK and CSI.
Proposal #6: For UCI piggyback on PUSCH, it should be discussed whether or not it is necessary to restrict the maximum number of symbols for UCI mapping.
Proposal #7: For UCI piggyback on PUSCH without UL-SCH, it should be discussed how to determine the reference data payload size to derive the number of coded symbols at least for HARQ-ACK and Part 1 CSI.
Proposal #8: Consider UCI piggyback on PUSCH for short PUCCH.

Proposal #9: Consider UCI piggyback on PUSCH which having different numerology (e.g., SCS) from PUCCH in CA.
· Case 1: PUCCH SCS > PUSCH SCS

· Case 2: PUCCH SCS < PUSCH SCS

Proposal #10: 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.

Proposal #11: 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.
Proposal #12: 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 #13: 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 #14: 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. 

Proposal #15: 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 #16: 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.
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