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1 Introduction

It is supported that UCI can be transmitted on PUCCH or PUSCH in NR Rel-15. With respect to UCI on PUSCH, the design of mapping rules has already considered the latency requirement for UCI feedback (although not thoroughly), and the dynamical beta-offset indication is supported to balance the reliability requirements between UCI and UL data. For UCI on PUCCH, both short PUCCH and long PUCCH are supported for URLLC, achieving a balance between latency reduction and reliability improvement. 
In this contribution, we provide more considerations on UCI feedback on both PUSCH and PUCCH for URLLC, mainly including enhancements on UCI piggyback on PUSCH, power control for PUCCH reliability improvement and multiplexing of UCIs for different services.

2 UCI on PUSCH
The discussion on simultaneous PUSCH and PUCCH transmission from one UE has been deprioritized in NR Rel-15. By instead, NR supports UCI piggyback on PUSCH to accomplish simultaneous UCI and data transmission. This section provides some further considerations on this feature and mainly focuses on UCI piggyback on Grant-based PUSCH, including enhancement on detailed mapping rules, issues related to UCI piggyback on multi-slot PUSCH and the necessity to dynamically enable/disable this function. To facilitate discussion, some related agreements reached in previous meetings are summarized in Appendix A.
2.1 Mapping Rules for UCI on PUSCH
· Time-domain location for mapping
If frequency hopping is disabled, UCI piggyback on PUSCH follows the frequency-first mapping [2]. In case frequency hopping is enabled, although no explicit agreement is achieved, the frequency-first mapping rule has been widely recognized and implied in lots of agreements in the last meeting. Meanwhile, the frequency diversity is almost removed, and modulation symbols of each UCI type should be mapped on to as least symbols as possible to reduce the latency of UCI transmission. Until now, the frequency-domain mapping rule is accomplished and friendly to URLLC.
With respect to the time-domain mapping, it is agreed that if PUSCH is frequency hopping enabled, the modulation symbols of each UCI type, i.e., HARQ-ACK, CSI part 1 and CSI part 2, are partitioned into two parts and mapped on two hops separately. Although this is beneficial to reliability improvement owing to the incurred frequency diversity, the transmission of UCI spans more symbols, leading to a larger latency for UCI reception. This is unfriendly to URLLC, especially for latency-sensitive UCI feedback. For example, as shown in Fig. 1, the HARQ-ACK is originally transmitted on short PUCCH located on symbol #4 and #5 while the PUSCH spans from symbol #4 to #13 with hopping point in symbol #9. If HARQ-ACK is mapped on to two hops, e.g., the yellow boxes on symbol #5 and #10, the reception of HARQ-ACK at gNB is delayed by 5 symbols compared with the case that HARQ-ACK is only mapped on the first hop, e.g., the dotted boxes on symbol  #5. The incurred latency is more than 0.35ms when the SCS is 15 kHz. Note that although UL grant scheduling PUSCH comes later, we cannot directly disable the frequency hopping which is useful for URLLC PUSCH especially for cell-edge users. As a result, mapping UCI only on the first hop, or more accurately, mapping UCI as a whole without UCI partition, should be considered, at least for HARQ-ACK and A-CSI on PUCCH. 
Some implicit methods can be employed to indicate UE which UCI is latency-sensitive and hence should be only mapped on the first hop. For example, HARQ-ACK and A-CSI on short PUCCH scheduled by a compact DCI can be deemed as latency-sensitive UCI since compact DCI is always used for scheduling URLLC service. Alternatively, if the feedback delay for HARQ-ACK and A-CSI is small enough, e.g., 
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, or the corresponding PUCCH resources are short and front-located, e.g., the starting symbol is less than #7, then HARQ-ACK and A-CSI should only be mapped on the first hop when piggyback on PUSCH with frequency hopping.
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Fig. 1 UCI piggyback on PUSCH with frequency hopping
Proposal 1: For latency-sensitive HARQ-ACK and A-CSI scheduled by a compact DCI or with a small feedback delay, e.g., 
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, the coded modulation symbols should be mapped on the first hop without partition when piggyback on PUSCH to reduce the transmission latency.
· X = 0 or 1, and should be down-selected,
· Y = 0 or 1, and should be down-selected.
The text proposals of Proposal 1 are given in Appendix B-1.
Besides, since both rate-matching and puncture are performed logically before physical RE mapping, UE must generate information bits for UCI before the starting symbol of PUSCH. However, some PUCCH resources allocated for feeding back urgent HARQ-ACK or A-CSI may start later than the PUSCH resource, as shown in Fig. 2. Then UE cannot accomplish UCI generation and preparation, and hence UE cannot piggyback HARQ-ACK or A-CSI timely on PUSCH. Although one can argue that the scheduling at gNB is smart and can avoid this case by scheduling the later PUSCH to align with PUCCH at the starting symbol, or simply to allocate a shorter duration for PUSCH to end it before PUCCH. The former is inefficient for latency-sensitive uplink service, i.e., the scheduled PUSCH cannot be delayed too much. The latter may be infeasible sometimes, e.g., there is not enough UL symbols before PUCCH resource. Therefore, the aforementioned case is not trivial, and UE behavior should be specified in such a case.

[image: image6.emf]Slot #n

PUCCH

DL 

Assignment

PUSCH

UL 

Grant

Slot #n-k2 Slot #n-k1


Fig. 2 PUCCH starting later than PUSCH
Obviously, simply dropping one channel or puncturing resources within the overlapped time region is not a good choice, since these two actions actually have the same effect with the restricted scheduling policy mentioned above. Alternatively, piggyback UCI on PUSCH through puncturing may be a good choice. To this end, the already agreed mapping rule for UCI on PUSCH needs to be extended. Specifically, at least for HARQ-ACK and A-CSI triggered by DL assignment, piggyback UCI on PUSCH on available symbols no earlier than the starting symbol of original PUCCH resources through puncturing should be considered. 
Proposal 2: For latency-sensitive HARQ-ACK and A-CSI with PUCCH resource later than PUSCH, piggyback UCI on PUSCH on available symbols no earlier than the starting symbol of original PUCCH resources through puncturing should be considered.
· Beta-offset values and indication
Currently, it has been agreed that for UCI on PUSCH, both dynamic and semi-static beta-offset indication are supported. The table configured for beta-offset includes 32 entries for both HARQ-ACK and CSI part 1/2. However, all values are reused from LTE except that 8, 10, 12.625, 15.875 and 20 are added as new entries in table for CSI part 1/2. As a result, all values for beta-offset is no less than one, indicating that UCI is more important than UL data. Consider the UL data may be a URLLC service and hence has a higher reliability than UCI. In such a case, a very small beta-offset should be used to reserve more resources for UL data transmission. To this end, the set of beta-offset values agreed now should be expanded, at least to contain beta-offset < 1, for example, beta-offset=0.5. 
Furthermore, adding extra bit in UL grant to dynamic indicate beta-offset may be unfriendly to compact DCI. Compact DCI aims at reducing the payload of DCI as much as possible to improve the DCI reliability, and is of great importance for URLLC service. As a result, the indication bit field for beta-offset in compact DCI should be removed, and some implicit methods can be adopted to indicate the value of beta-offset, e.g., configuring a conservative small beta-offset value for compact UL grant to guarantee the reliability of scheduled PUSCH. Alternatively, a set of small beta-offset values can be configured for compact DCI, and the specific value is selected adaptively according to the UCI content, the UCI payload size, and/or the repetition time of PUSCH if present.
Proposal 3: The set of beta-offset values should be expanded to contain beta-offset < 1 (e.g., beta-offset = 0.5), while the indication field for beta-offset is not present in the compact DCI and a conservative small beta-offset could be configured to reduce the DCI payload.

The text proposals of Proposal 2 are given in Appendix B-2.
2.2 UCI piggyback on multi-slot PUCCH
In NR, both multi-slot PUCCH and multi-slot PUSCH are supported. When multi-slot PUCCH and multi-slot PUSCH overlap in at least one slot, how to piggyback UCI on PUSCH should be specified. With respect to UCI piggyback in case of multi-slot PUCCHs, since the UCI information in each repetition is the same, we can simply treat PUCCH in every slot separately. Then we focus on the case of single-slot PUCCH and multi-slot PUSCH, since the UCI transmission latency is greatly related to the detailed piggyback rules. 
As shown in Fig. 3, PUCCH is transmitted in one of configured multiple slots of PUSCH and overlaps with the PUSCH time-domain resources. In such a case, UCI can only be mapped on PUSCHs from the current slot (i.e., the slot in which the PUCCH located) to the last slot in which the PUSCH is transmitted. Furthermore, UCI can be simply mapped on the current slot (e.g., PUCCH 1 is only mapped on PUSCH in slot #0) or all the available slots (e.g., PUCCH 2 is mapped on PUSCHs in Slot #1, #2 and #3). Obviously, the former is better for latency reduction of UCI feedback while the latter is better for reliability improvement if code modulation symbols of UCI are repeated in multiple slots. However, the latter one needs more standard efforts. For example, since maybe multiple UCIs from more than one slot need to be mapped onto the PUSCH in one slot, see PUSCHs in Slot #2 and #3 for example, it needs further study whether the information bits from multiple UCIs are concatenated and then jointly encoded and mapped on PUSCH, or multiple UCIs are separately encoded and mapped on PUSCH. As a result, in case on multi-slot-based PUSCH transmission, we propose to piggyback UCI on the PUSCH within the slot in which the original PUCCH is located.

[image: image7.emf]PUCCH 3

PUCCH 1

PUCCH 2

Slot #0 Slot #1 Slot #2 Slot #3


Fig. 3 Illustration PUCCH piggyback on multi-slot PUSCH
Proposal 4: When the PUCCH transmission overlaps with the multi-slot-based PUSCH transmission, UCI is only piggybacked and mapped on the PUSCH within the slot in which the PUCCH located in.
The text proposals of Proposal 3 are given in Appendix B-3.
2.3 Disable the piggyback function for UCI on PUSCH
In most of cases, piggyback UCI on PUSCH is beneficial owing to the simultaneous delivery of both control and data. However, PUSCH may be a URLLC service, which is often of small TB size (e.g., 32 bytes) and ultra-high reliability requirement (1e-5 or even 1e-6 target BLER). By contrast, both HARQ-ACK and CSI report can be very large, up to several hundreds of bits, considering up to 16-cell carrier aggregation, flexible scheduling and large antennas deployed supported in NR. Then piggyback UCI with large payload size on PUSCH will consume a large ratio of scheduled resources to bear UCI, which is proportional to the ratio of UCI payload and UL-SCH TB size. As a result, the reliability of PUSCH will be greatly degraded due to the insufficient resources and increased effective coding rate. 
To guarantee the reliability of URLLC PUSCH, it may be necessary to disable the function of UCI piggyback on PUSCH dynamically, no matter whether PUCCH starts earlier or later than PUSCH. This can be achieved either explicitly through indication in DCI or implicitly by linking this behave to some other conditions. For implicit indication, we can specify that if the scheduled MCS index is smaller than a prescribed threshold, UE stops piggy back UCI on PUSCH. Similarly, if the UCI payload or the ratio between UCI payload and UL-SCH is larger than a prescribed threshold, UE stops piggy back UCI on PUSCH. Besides, if the PUSCH is grant-free or triggered by a SR with very high priority, the function is disabled too.
For explicit indication, one extra bit field may be required in UL grant to indicate whether UE should disable the UCI piggyback function. Alternatively, there are some other methods to achieve this purpose. For example, by indicating a beta-offset of zero in UL grant, the coded modulation symbols per layer for each UCI type is forced to be zero, and hence UCI is dropped indirectly. Furthermore, we can reserve one of the four beta-offset indicator values in UL grant, e.g., index ‘00’, and use this value to imply UE to stop piggy back UCI on PUSCH. 

Proposal 5: UCI piggyback on PUSCH can be disabled, if the UL grant is compact DCI or the beta-offset indicator is a reserved value, e.g., ‘00’.
3 Power Control for PUCCH 
NR will support various kinds of services with different reliability requirements, and hence the target BLER of PUCCH, more accurately the PUCCH bearing HARQ-ACK and/or A-CSI (if it is also triggered by DL Assignment), should change dynamically to accommodate the reliability of PDSCH. Meanwhile, even for the same service, the target BLER should be set flexibly according to the remaining time budget. For example, the target BLER of the HARQ-ACK needs to be small enough, e.g., 10-5, if only one transmission opportunity is available; By contrast, in case of three available transmission opportunity, a target BLER of 10-1, 10-3 and 10-5 may be sufficient for each transmission. 

On the other hand, as agreed in the current specification [4], if the PUCCH transmission is in response to a PDCCH decoding with DCI format 1_0 or DCI format 1_1 or DCI format 2_2 having CRC parity bits scrambled by TPC-PUCCH-RNTI, the corresponding 2-bit TPC command denotes an accumulated 
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 takes the value of -1 dB, 0 dB, 1 dB and 3 dB respectively. However, as shown in Fig. 4, the gap of required SINR for different target BLERs is very large, up to ~11 dB for target BLER of 10-1 and 10-5 in fading channel with realistic channel estimation. Therefore, the current closed loop power control mechanism is not capable to trace the change of BLER requirements and compensate the change of required transmission power completely.
Table 7.1.1-1 in [4]: Mapping of TPC command field to the accumulated 
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Fig. 4 Target SINR for different BLER requirements in both AWGN and TDL-A channels 
There are two methods of solving this problem. We can simply enlarge the scope of the accumulated 
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denoted by TPC command, e.g., modify the entries of Table 7.2.1-1 or extend the TPC command to more bits. Alternatively, we can configure multiple sets of power control parameters (at least including P0 and alpha) for different services, and dynamically select the parameter set by using DCI signaling explicitly or implicitly.
Table 1 Modified Mapping of TPC command field to the accumulated 
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Table 2 Extended TPC and corresponding mapping of TPC command field to the accumulated 
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Table 1 is an example for modifying the accumulated 
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 corresponding to each TPC command field. For eMBB traffic, either Table 1 REF _Ref502321463 \h  \* MERGEFORMAT 
 or the original table, i.e., Table 7.2.1-1, can be chosen. But for URLLC traffic, Table 1 is more suitable. If two types of traffic use different tables, a DCI signaling should be sent to tell UE which table to use when adjusting power control parameter. However, considering the requirement of URLLC reliability may become more stringent, like up to 99.9999%, and hence the scope of the accumulated 
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 should be further enlarged. To this end, it may be beneficial to directly extend the TPC command from 2bits to 3bits, and update the table as Table 2
Proposal 6: It is necessary to enlarge the scope of TPC command field in order to support a wider range of power adjustment timely when the BLER requirements change dynamically.
4 Multiplexing of eMBB UCI and URLLC UCI
Since NR supports various kinds of services with significantly different latency and reliability requirements, it may be beneficial to distinguish UCI for these services. For example, the UCI for eMBB can be fed back normally as in LTE and hence could be simply denoted as normal UCI. While UCI for URLLC service also needs to be fed back quickly with increased reliability guarantee, and hence could be denoted as latency-sensitive and reliability-demanding UCI (LSRD-UCI). Some methods can be utilized to inform UE of the LSRD-UCI. For example, HARQ-ACK and A-CSI scheduled by compact DCI or with a small feedback delay can be deemed as LSRD-UCI. Alternatively, normal UCI and LSRD-UCI can be bundled with the PDSCH mapping type, and if the DCI schedules a type A PDSCH, i.e., slot-based PDSCH, then the corresponding HARQ-ACK and/or A-CSI are normal UCI; otherwise, the corresponding HARQ-ACK and/or A-CSI are LSRD-UCI.
Obviously, one should treat these two kinds of UCI differently to meet the different latency and reliability requirements. For example, when a UE has received both eMBB PDSCH(s) and URLLC PDSCH(s), and needs to feed back HARQ-ACK for these two PDSCHs, i.e., normal UCI and LSRD-UCI, in the same PUCCH. Then bundling normal UCI and LSRD UCI is not an appealing solution. Although the selection of PUCCH is based on the UCI payload and hence is able to bear these two UCI, the coding rate is identical and cannot accommodate the two different reliability requirements appropriately. Meanwhile, if a conservative coding rate is used to guarantee the ultra-high reliability requirement of LSRD-UCI, the PUCCH resource may be insufficient to bear these two kinds of UCI simultaneously. As a result, it may be better to postpose the transmission of normal UCI and only transmit LSRD-UCI, i.e., HARQ-ACK for URLLC PDSCH with a pre-configured conservative coding rate.
Proposal 7: In case of multiple UCIs with different latency and reliability requirements transmitted in the same PUCCH, the normal UCI should be postponed while the latency-sensitive and reliability-demanding (LSRD) UCI should be transmitted by using a conservative coding rate.
With respect to UCI piggyback on PUSCH, different kinds of UCI should also be treated differently. As shown in Fig. 7, a PUCCH overlaps with an eMBB PUSCH. In case of normal UCI, e.g., HARQ-ACK for eMBB PDSCH, we should piggyback it on PUSCH with a normal beta-offset, as shown in Case 1. By contrast, in case of LSRD-UCI, for example HARQ-ACK for URLLC PDSCH, two kinds of methods could be adopted to guarantee the UCI reliability: the first one is to piggyback UCI on PUSCH with an increased beta-offset, resulting more coded modulation symbols and hence low coding rate for this UCI, as shown in Case 2-1;  the second one is to puncture the PUSCH resources which are overlapped with PUCCH in time domain, and then use the full power to transmit UCI either on the original PUCCH resource or the punctured PUSCH resource. 
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Fig. 7 UCI piggyback for normal UCI and LSRD-UCI
Proposal 8: In case of PUCCH bearing LSRD UCI overlaps with eMBB PUSCH, the overlapping symbols from PUSCH should be punctured.
Finally, in case of both normal UCI and LSRD UCI transmitted on the PUCCH, one can piggyback these two UCIs on PUSCH with a single beta-offset, which is often selected to be large enough to improve the transmission reliability of LSRD-UCI. However, this will lead to redundant resource consumption since the coded modulation symbols for normal UCI is also increased, which degrades the PUSCH reliability consequently. As an alternative solution, we could piggyback these two UCIs separately with different beta-offsets and hence different coding rate. Multiple beta offsets can be indicated by RRC and the largest one is used for LSRD-UCI.
5 Conclusion
In this contribution, further considerations on UCI feedback for URLLC are addressed. The following observation and proposals are reached.
Proposal 1: For latency-sensitive HARQ-ACK and A-CSI scheduled by a compact DCI or with a small feedback delay, e.g., 
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, the coded modulation symbols should be mapped on the first hop without partition when piggyback on PUSCH to reduce the transmission latency.

· X = 0 or 1, and should be down-selected,
· Y = 0 or 1, and should be down-selected.
Proposal 2: For latency-sensitive HARQ-ACK and A-CSI with PUCCH resource later than PUSCH, piggyback UCI on PUSCH on available symbols no earlier than the starting symbol of original PUCCH resources through puncturing should be considered.
Proposal 3: The set of beta-offset values should be expanded to contain beta-offset < 1 (e.g., beta-offset = 0.5), while the indication field for beta-offset is not present in the compact DCI and a conservative small beta-offset could be configured to reduce the DCI payload.
Proposal 4: When the PUCCH transmission overlaps with the multi-slot-based PUSCH transmission, UCI is only piggybacked and mapped on the PUSCH within the slot in which the PUCCH located in.
Proposal 5: UCI piggyback on PUSCH can be disabled, if the UL grant is compact DCI or the beta-offset indicator is a reserved value, e.g., ‘00’.
Proposal 6: It is necessary to enlarge the scope of TPC command field in order to support a wider range of power adjustment timely when the BLER requirements change dynamically.
Proposal 7: In case of multiple UCIs with different latency and reliability requirements transmitted in the same PUCCH, the normal UCI should be postponed while the latency-sensitive and reliability-demanding (LSRD) UCI should be transmitted by using a conservative coding rate.
Proposal 8: In case of PUCCH bearing LSRD UCI overlaps with eMBB PUSCH, the overlapping symbols from PUSCH should be punctured.
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6 Appendix A: Related Agreements
The agreements related to UCI piggyback on PUSCH are summarized as follows. Firstly, with respect to the detailed UCI mapping rules, the followings are agreed [1][3]. 
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

· If frequency hopping for PUSCH is enabled, the N1 modulation symbols of HARQ-ACK are partitioned into HARQ-ACK part A and HARQ-ACK part B, where part A has floor(N1/2) and part B has ceiling(N1/2) modulation symbols. HARQ-ACK part A is mapped to the first hop. HARQ-ACK part B is mapped to the second hop.

· If frequency hopping for PUSCH is enabled, the N2 modulation symbols of CSI part 1 are partitioned into CSI part 1A and CSI part 1B, where part 1A has floor(N2/2) and part 1B has ceiling(N2/2) modulation symbols. CSI part 1A is mapped to the first hop. CSI part 1B is mapped to the second hop.

· If frequency hopping for PUSCH is enabled, the N3 modulation symbols of CSI part 2 are partitioned into CSI part 2A and CSI part 2B, where part 2A has floor(N3/2) and part 2B has ceiling(N3/2) modulation symbols. CSI part 2A is mapped to the first hop. CSI part 2B is mapped to the second hop.

Agreements

· Modulated HARQ-ACK symbols are mapped starting on the first available non-DMRS symbol after the first DMRS symbol(s), regardless of number of DMRS symbols in PUSCH transmission.

· Modulated CSI part 1 symbols are mapped starting on the first available non-DMRS symbol, regardless of number of DMRS symbols in PUSCH transmission.

· CSI part 1 is not mapped on the reserved HARQ-ACK REs in case of HARQ-ACK puncturing PUSCH

· CSI part 1 is not mapped on the HARQ-ACK REs in case of HARQ-ACK rate-matching PUSCH.

· Modulated CSI part 2 symbols are mapped starting on the first available non-DMRS symbol, regardless of number of DMRS symbols in PUSCH transmission.

· CSI part 2 can be mapped on the reserved HARQ-ACK REs in case of HARQ-ACK puncturing PUSCH.

· CSI part 2 is not mapped on the HARQ-ACK REs in case of HARQ-ACK rate-matching PUSCH.

· CSI part 2 is not mapped on the CSI part 1 REs.

Working assumption

· UCI mapping in frequency domain follows the rules below:

· Given a UCI type, on i-th OFDM symbol, modulated UCI symbols are mapped to REs in a distributed manner with distance d determined as following:

· d =1, if the number of unmapped modulated symbols for that UCI at the beginning of OFDM symbol i is larger or equal to the number of available REs in this OFDM symbol.

· d = floor(number available REs on i-th OFDM symbol/the number of unmapped modulated symbols for that UCI at the beginning of OFDM symbol i) 

Secondly, with respect to the beta-offset values and indication, the followings are agreed [1][3].

Agreements

· For UCI on PUSCH, support both dynamic and semi-static beta-offset indication

· FFS the applicable case(s) for dynamic vs. semi-static indications

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.

7 Appendix B: Text Proposals
7.1 Appendix B-1
Text proposals for UCI mapping in TS 38.212 vf.0.0 Section 6.2.7.

---------------------------------------------Start of text proposal--------------------------------------------------------
6.2.7
Data and control multiplexing
-----------------------------------------------The unchanged text--------------------------------------------------------
For CSI, if frequency hopping is configured for the PUSCH, 
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if CSI is present for transmission on the PUSCH, let 
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 as the number of OFDM symbols of the PUSCH in the first and second hop, respectively;




For CSI, if frequency hopping is not configured for the PUSCH, 


-
denote 
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 as the OFDM symbol index of the first OFDM symbol that does not carry DMRS;
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if CSI is present for transmission on the PUSCH, let 
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For HARQ-ACK, if frequency hopping is configured for the PUSCH and the feedback delay for HARQ-ACK, i.e., the slot offset from PDCCH to PUCCH K0+K1, is no larger than X [X=0 or 1 should be further down-selected],
-
denote 
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 as the OFDM symbol index of the first OFDM symbol after the first set of consecutive OFDM symbol(s) carrying DMRS in the first hop;
-
denote 
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 as the OFDM symbol index of the first OFDM symbol after the first set of consecutive OFDM symbol(s) carrying DMRS in the second hop. 
-
if HARQ-ACK is present for transmission on the PUSCH, let 
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 as the number of OFDM symbols of the PUSCH in the first and second hop, respectively;
For HARQ-ACK, if frequency hopping is not configured for the PUSCH or if the frequency hopping is configured for the PUSCH and the feedback delay for HARQ-ACK, i.e., the slot offset from PDCCH to PUCCH K0+K1, is larger than X [X=0 or 1 should be further down-selected],
-
denote 
[image: image57.wmf])

1

(

l

 as the OFDM symbol index of the first OFDM symbol after the first set of consecutive OFDM symbol(s) carrying DMRS;
-
if HARQ-ACK is present for transmission on the PUSCH, let 
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For both CSI and HARQ-ACK,
-
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 is the number of transmission layers of the PUSCH;
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 is the modulation order of the PUSCH.
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7.2 Appendix B-2
Text proposals for beta-offset values in TS 38.213 v f.0.0 Section 9.3.

---------------------------------------------Start of text proposal--------------------------------------------------------
9.3
Data and control multiplexing UCI reporting in physical uplink shared channel

-----------------------------------------------The unchanged text--------------------------------------------------------
Table 9.3-1: Mapping of HARQ-ACK offset values and the index signalled by higher layers
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Table 9.3-2: Mapping of CSI offset values and the index signalled by higher layers
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----------------------------------------------End of text proposal--------------------------------------------------------
7.3 Appendix B-3
Text proposals for UCI piggyback on PUSCH in TS 38.213 vf.0.0 Section 9.

---------------------------------------------Start of text proposal--------------------------------------------------------
9
UE procedure for reporting control information
-----------------------------------------------The unchanged text--------------------------------------------------------
If a UE would transmit a PUCCH that has a same first symbol and duration with a PUSCH transmission, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH.

If a UE would transmit a PUCCH that overlaps with a multi-slot-based PUSCH transmission, the UE multiplexes the UCI in the PUSCH transmission within the slot in which the PUCCH is located and does not transmit the PUCCH.
-----------------------------------------------The unchanged text--------------------------------------------------------
----------------------------------------------End of text proposal--------------------------------------------------------
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