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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1 NR-AH#3, following agreements were made on UCI piggyback on PUSCH [1].
Agreements:
· Confirm the working assumption:
· 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.

· Agreements:
· For UCI on PUSCH, support both dynamic and semi-static offset indication.
· FFS the applicable case(s) for dynamic vs. semi-static indications

This contribution discusses UCI piggyback on PUSCH in Section 2. Section 3 discusses PUCCH-PUSCH multiplexing.
Note: this contribution is revised from R1-1716123 [2] and addressed FFS points raised summary of remaining issues for UCI multiplexing on PUSCH [3].
UCI piggyback on PUSCH
Discussion on rate matching and puncturing for UCI piggyback on PUSCH
The agreement is that rate-matching or puncturing is operated depending on the number of HARQ-ACK bits. If the number of HARQ-ACK bits is determined by DL assignment, PUSCH processing time is quite problematic when DL assignment is received later than UL assignment. Therefore, PUSCH rate matching parameter should not be decided by DL assignment. Instead, we propose PUSCH rate matching parameters (i.e., the number of HARQ-ACK bits and offset) is determined by only UL assignment. By such operation, PUSCH processing is not impacted by later DL assignment. The amount of UCI resource at UL assignment is based on CSI that needs to report and prediction/expectation of the number of HARQ-ACK bits at gNB. If TBS is determined by the available number of REs or quantized number of available number of REs, to adjust available number of REs later influences to the determination of TBS. To change TBS later based on later DL assignment is also problem.
Proposal 1: PUSCH rate matching parameter and TBS are determined by UL assignment and not influenced by DL assignment.

From UCI point of view, the PUSCH rate matching parameter (including puncturing or not) includes the number of HARQ-ACK bits, CSI that needs to report and offset. Based on the agreements, 2 bits are the threshold to do puncturing and rate matching on HARQ-ACK bits. In our view, the HARQ-ACK bits that are used to determine UCI resources should be explicitly indicated in UL assignment. But considering CBG level HARQ-ACK feedback and feedback flexibility, DCI overhead may be a problem. Therefore, we propose a combination of semi-static configuration and dynamic signalling in order to reduce DCI overhead. In more details, a table could be configured by RRC as shown in the example below and DCI signals one of index of the table.
0: Up to 2 bits (i.e., puncturing)
1: X1 bits
2: X2 bits
3: X3 bits
In this table, each entry has the configuration of the number of HARQ-ACK bits. In addition, one entry in the table always corresponds to puncturing (i.e., up to 2 bits HARQ-ACK bits). The gNB could indicate more than received HARQ-ACK bits in UL assignment based on prediction on DL traffic which will be transmitted later. 
Our current view is 2 bits can be sufficient as DCI. 
Proposal 2: The number of HARQ-ACK bits used for PUSCH resource determination is explicitly indicated in DCI by 2 bits usage.
Proposal 3: For the indication of the number of HARQ-ACK bits, higher layer signalling configures a table on the number of HARQ-ACK bits (including puncturing) and DCI in UL assignment signals one index of the table.

For offset indication, in LTE, the coding rate of each UCI is configured by RRC, i.e., coding rate of each UCI bits is linear relation to coding rate of PUSCH. In this case, since the coding rate of each UCI is linearly scaled to the coding rate of PUSCH, it does not work well when the coding rate of UCI and the coding rate of PUSCH are other than RRC configured relation. If the coding rate relation is set as PUSCH BLER 10% corresponds to HARQ-ACK 1%, it works well as far as when PUSCH is operated as 10% BLER. On the other hand, if PUSCH is operated as 1%, HARQ-ACK coding rate is too low. Therefore, dynamic management of coding rate of UCI is necessary. However, similar to the indication of the number of HARQ-ACK bits, DCI overhead should be considered for dynamic indication. Then, we also propose a combination of semi-static configuration and dynamic signalling for the management of coding rate of UCI. 1 bit flag in UL assignment is used and it says “boost” or “non-boost”. offset corresponding to each MCS is semi-statically configured by RRC, which is similar to LTE, while boost factor is semi-statically configured (e.g., 2 times). If DCI signals “non-boost”, offset configured by RRC is used similar to LTE. On the other hand, if DCI signals “boost”, (semi-statically configured offset determined by MCS) × (semi-statically configured boost factor) is used as a new offset. There would be no need to consider different operation on “boost” or “non-boost” for each UCI and then this 1 bit flag can be common to all UCIs, which can also be beneficial for DCI overhead reduction. Here all UCIs means HARQ-ACK, Part 1 CSI (RI, CQI, indication of the number of non-zero wideband amplitude coefficients per layer) and part 2 (remaining CSI) [4]. 
Proposal 4: For the indication of offset, higher layer signalling configures offset corresponding to each MCS and boost factor. DCI in UL assignment signals “non-boost (offset configured by RRC is used)” or “boost ((offset configured by RRC) × (boost factor) is used)”.
Proposal 5: 1 bit flag of DCI in UL assignment is used for indicating whether offset is boosted and it is common to all UCIs (HARQ-ACK, Part 1 and part 2 of CSI).

Consideration of transient time on mapping of UCI to PUSCH 
According to RAN4 LS [5], for frequencies below 6 GHz, UE transient period for NR is 10 µsec.  For frequencies above 24 GHz, UE transient period for NR is 5 µsec. The SCS and transient period relation is summarized in Table1.
Table 1: SCS and transient period relation
	SCS
	Rough symbol time
	The ratio of transient period below 6GHz
	The ratio of transient period above 6GHz

	15 kHz
	71 µsec
	14%
	-

	30 kHz
	35 µsec
	29 %
	-

	60 KHz
	18 µsec
	55%
	28%

	120 KHz
	9 µsec
	-
	55%


When transient period is more than 50% ratio of a symbol, we propose to have explicit transient symbol. When 30% or below OFDM symbol is used, we propose not to have explicit transient symbol but the symbol should be used for data and not used for UCI or DMRS. The location of transient period can be adjusted before or later of the OFDM symbol. When the previous symbol is short PUCCH or SRS, the first part of PUSCH may be used for the transient time. In case of DL/UL switching, the transient time may be available before UL using guard time.
Proposal 6: For 60 kHz SCS with below 6 GHz and 120 kHz with above 24 GHz, to have explicit transient symbol. 
Proposal 7: For other than 60 kHz SCS with below 6 GHz and 120 kHz with above 24 GHz, not to have explicit transient symbol but the symbol contain transient should be used for data and not used for UCI or DMRS. 

UCI resource mapping principles
In NR, uplink supports two waveforms, i.e., CP-OFDM and DFT-s-OFDM. Based on the agreements in RAN1#90 meeting common design is used for UCI mapping between two waveforms. But Uplink DMRS pattern may vary based on different configurations. In addition, resource mapping of data may also vary based on the usage of intra-frequency hopping for DFT-s-OFDM (i.e., time-first mapping may be necessary for DFT-s-OFDM with intra-frequency hopping). Although the uniform resource mapping of UCI could simplify the design, since the difference may be seen with respect to DMRS pattern, and data resource mapping of data, different resource mapping of UCI or RS dependent UCI mapping should be taken into account 
Front-loaded DMRS design has been agreed in NR-PUSCH for both CP-OFDM and DFT-s-OFDM. From the channel estimation performance perspective, UCI should be mapped around front-loaded DMRS. If there is additional DMRS in the later symbols, same mapping as that around front-loaded DMRS is expected to simplify the UCI mapping design. In addition, mapping UCI to the same subcarriers as DMRS REs could obtain better channel estimation performance. In case of rate matching, just close to DMRS can be sufficient but puncturing has the issue if only limited codewords are punctured. Therefore, considering frequency-first mapping agreement, HARQ-ACK bits should be distributed over symbols. The RE location close to PT-RS is proposed in order to improve the performance if PT-RS is available.
On the frequency mapping across PRBs, distributed mapping across allocated RBs in order to have better frequency diversity.  
There are several types of UCI like HARQ-ACK, RI, beam management/recovery related information, normal CSI (e.g., CQI). The priority order of UCI mapping should be considered with respect to the distance from DMRS, for example HARQ-ACK->RI->Beam management/recovery related information->other CSI (higher priority UCI is mapped to REs closer to DMRS).
On layer mapping, in LTE CSI is mapped to 1 or 2 best layers and RI/HARQ-ACK is mapped to all layers to realize diversity. In NR, assuming all UCIs are rate matched, to have unified layer mapping design could be possibility. On the other hand, in NR PT-RS is supported in order to compensate CPE especially for higher frequency band. Resource mapping of UCI should also take into account the presence of PT-RS and collision between PT-RS and UCI mapping. Assuming UCI is rate matched, UCI should not collide with PT-RS (or any of RS). If PT-RS port is mapped to 1 best layer, UCI is mapped to the same layer with PT-RS may obtain better performance in terms of CPE compensation.
Proposal 8: UCI mapping in a PRB is RS dependent. It is mapped close to DMRS for rate matching. In case of puncturing for HARQ-ACK, distribute ACK REs as many symbols as much as possible and close to PT-RS if available.
Proposal 9: UCI is mapped across PUSCH allocated RBs.
Proposal 10: The priority order for mapping UCI could be HARQ-ACK->RI->Beam management/recovery->normal CSI based on distance from DMRS.
Proposal 11: UCI is mapped to the layer transmitting PT-RS or to multiple layers using same mapping.
Proposal 12: The collision between UCI and PT-RS should be avoided.

UCI and data multiplexing
Multiplexing between data and UL control channel in short duration
The time/frequency resource for short PUCCH and SRS, and not used by UL data should be defined as UL control reserved resource. Our view is UL control reserved resource is signalled by using similar mechanism to that defined for PDCCH resource sharing as discussed in [6]. We propose a table that is UE-specifically configured via RRC is used. Each entry in the table has a bit map of RBs and a bitmap of OFDM symbols. The index of the table is signalled by UE specific DCI in UL assignment or group common DCI. By such configuration, any pattern of UL reserved resource can be signalled.
Proposal 13: UL control reserved resource is defined.
Proposal 14: Within UL control reserved resource, UL control channel in short-duration and SRS are sent.
Proposal 15: 2 bits field is used for UL control reserved resource indication. 2 bits is the index of the semi-static configuration table. The index of the table is signalled by UE specific DCI in UL assignment or group common DCI.
Proposal 16: In the semi-static configuration table, each entry has a bitmap of RBs and a bitmap of OFDM symbols. This is table is configured by RMSI and can be updated by UE specific signalling.
Proposal 17: The time/frequency resource not configured as UL control reserved resource is used for DL/UL data.

Multiplexing approach for PUCCH and PUSCH
On multiplexing between UCI and UL data of the same UE, simultaneous PUCCH/ PUSCH is agreed to support. For simultaneous PUCCH/PUSCH transmission, in addition to maximum transmit power, PSD and data transmission width relation should be taken into account. Wider data transmission needs to be lower PSD as the total UE power is limited.
PSD difference was not so much discussed in LTE-A. According to pre-defined rule/mechanism on power control and resource allocation, PSD to be transmitted for PUCCH and PUSCH could be calculated. It is noted that there would be feasibility limitation on PSD difference between PUCCH and PUSCH according to the UE RF capability. Depending whether the PSD difference exceeds the limit or not, the PSD difference needs to be adjusted to be equal to or smaller than the limit. 
One of simple mechanism would be to drop the symbol(s) of PUSCH, which collides symbol(s) of PUCCH in time, if PSD difference between PUSCH and PUCCH exceeds the limit. In case FDM between “short PUCCH and long PUSCH (slot-level PUSCH)”, the overlapped part should be based on puncturing. In case FDM between “short PUCCH and short PUSCH (mini-slot-level PUSCH)” and “long PUCCH and long PUSCH (slot-level-PUSCH), there would be the possibility that whole PUSCH transmission is dropped. In this case, gNB does not required to have blind detection but understand the problematic PSD difference situation easily. This helps to re-configure quickly piggy-based operation.
Another mechanism would be to change the resource utilization (e.g., to reduce the transmission bandwidth of PUSCH or to drop part of frequency resource of PUSCH) in order to alleviate PSD difference situation. In this mechanism, gNB may require to have blind detection but to drop PUSCH transmission completely is avoided. Such mechanism would be beneficial to support wider bandwidth operation without CA. In CA, the transmission can be dropped per CC. However, for wider band transmission, to drop smaller granularity (like 20MHz of each) is not possible. For such case, to change resource size allocation based on PSD difference (and also UE power shortage) is valid. In addition, to have some CB/TB mapping taking into account the frequency resource granularity of PUSCH resource change might be useful. For example, in OFDM, frequency first mapping would be used but mapping bandwidth could be limited to 100 MHz. Then, in case of 400MHz transmission, to drop 100 MHz granularity is still acceptable for certain code blocks rather than to drop whole 400MHz transmission because of PSD difference limitation (and also UE power shortage).
Proposal 18: PSD difference between UL control channel and data channel should be taken into account when considering multiplexing of UCI and UL data.
Proposal 19: On simultaneous PUCCH and PUSCH transmission, following mechanisms should be considered.
· If PSD difference between PUSCH and PUCCH exceeds the limit (such as UE RF capability), the symbol(s) of PUSCH, which collides symbol(s) of PUCCH in time, is dropped.
· If PSD difference between PUSCH and PUCCH exceeds the limit (such as UE RF capability), resource usage of PUSCH is changed (reduce PUSCH frequency resource to increase PUSCH PSD). To have some CB/TB mapping taking into account the frequency resource granularity of PUSCH resource change is also considered.

Conclusion
In this contribution, we discussed UCI multiplexing aspects. We have following proposals:
On UCI piggyback on PUSCH (Section 2):
Proposal 1: PUSCH rate matching parameter and TBS are determined by UL assignment and not influenced by DL assignment.
Proposal 2: The number of HARQ-ACK bits used for PUSCH resource determination is explicitly indicated in DCI by 2 bits usage.
Proposal 3: For the indication of the number of HARQ-ACK bits, higher layer signalling configures a table on the number of HARQ-ACK bits (including puncturing) and DCI in UL assignment signals one index of the table.
Proposal 4: For the indication of offset, higher layer signalling configures offset corresponding to each MCS and boost factor. DCI in UL assignment signals “non-boost (offset configured by RRC is used)” or “boost ((offset configured by RRC) × (boost factor) is used)”.
Proposal 5: 1 bit flag of DCI in UL assignment is used for indicating whether offset is boosted and it is common to all UCIs (HARQ-ACK, Part 1 and part 2 of CSI).
Proposal 6: For 60 kHz SCS with below 6 GHz and 120 kHz with above 24 GHz, to have explicit transient symbol. 
Proposal 7: For other than 60 kHz SCS with below 6 GHz and 120 kHz with above 24 GHz, not to have explicit transient symbol but the symbol contain transient should be used for data and not used for UCI or DMRS.
Proposal 8: UCI mapping in a PRB is RS dependent. It is mapped close to DMRS for rate matching. In case of puncturing for HARQ-ACK, distribute ACK REs as many symbols as much as possible and close to PT-RS if available.
Proposal 9: UCI is mapped across PUSCH allocated RBs.
Proposal 10: The priority order for mapping UCI could be HARQ-ACK->RI->Beam management/recovery->normal CSI based on distance from DMRS.
Proposal 11: UCI is mapped to the layer transmitting PT-RS or to multiple layers using same mapping.
Proposal 12: The collision between UCI and PT-RS should be avoided.

On UCI and data multiplexing (Section 3):
Proposal 13: UL control reserved resource is defined.
Proposal 14: Within UL control reserved resource, UL control channel in short-duration and SRS are sent.
Proposal 15: 2 bits field is used for UL control reserved resource indication. 2 bits is the index of the semi-static configuration table. The index of the table is signalled by UE specific DCI in UL assignment or group common DCI.
Proposal 16: In the semi-static configuration table, each entry has a bitmap of RBs and a bitmap of OFDM symbols. This is table is configured by RMSI and can be updated by UE specific signalling.
Proposal 17: The time/frequency resource not configured as UL control reserved resource is used for DL/UL data.
Proposal 18: PSD difference between UL control channel and data channel should be taken into account when considering multiplexing of UCI and UL data.
Proposal 19: On simultaneous PUCCH and PUSCH transmission, following mechanisms should be considered.
· If PSD difference between PUSCH and PUCCH exceeds the limit (such as UE RF capability), the symbol(s) of PUSCH, which collides symbol(s) of PUCCH in time, is dropped.
· If PSD difference between PUSCH and PUCCH exceeds the limit (such as UE RF capability), resource usage of PUSCH is changed (reduce PUSCH frequency resource to increase PUSCH PSD). To have some CB/TB mapping taking into account the frequency resource granularity of PUSCH resource change is also considered.
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