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 Introduction
In this contribution, we provide our views on UCI multiplexing design and related design from HARQ/CSI enhancements.
Discussion on Rel-17 design
From discussion on Rel-17 eIIoT/URLLC in the past RAN1 meetings, we can see there can be some UE features coming out of the Rel-17 WI. As UCI multiplexing is complicated even in Rel-15, we need to ensure decision taken on each of them won’t in the end lead to big problems. 

· In terms of the transmission of UCIs 
· sim Tx of PUCCH/PUSCH
· PUCCH carrier switching
· In terms of UCI multiplexing
· inter-priority multiplexing
· PHY cancellation of DG/CG
· In terms of HARQ codebook construction
· SPS HARQ deferral 
· retransmission of cancelled HARQ
· Type 1 sub-slot HARQ codebook enhancement
· SPS HARQ skipping
· In terms of the physical channel design of PUCCH:
· PUCCH sub-slot repetition
· PUCCH F0/F2 inter-sub-slot repetition

Fundamental to UCI multiplexing in Rel-17 is the decision whether the Rel-16  L1 priority-specific UCI multiplexing design is used as the baseline or a L1 priority-agnostic UCI multiplexing design similar to that in Rel-15 is used as the baseline.

Considering L1 priority based UCI prioritization and inter-L1 priority UCI multiplexing may need to be supported at the same time:
· The current agreements on intra-UE multiplexing cover HARQ/SR multiplexing only, CSI is excluded in the consideration hence UCI-type specific treatment with prioritization or multiplexing is assumed to be necessary
· Under some condition inter-L1 priority multiplexing may be infeasible due to processing time
· If the processing flow for multiplexing is to a large degree shared with that of prioritization, then both specification effort and implementation/test effort can be reduced.

With these considerations, we propose to consider the following processing flow. Note some items included there (e.g. PUCCH carrier switching, Type 1 codebook enhancement, etc) are for inspection on their effect on the UCI multiplexing processing flow, their inclusion here does not suggest we find them to be essential to the Rel-17 work.
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Figure 1 Rel-17 UCI multiplexing flow
Discussion on HARQ/HARQ multiplexing on PUCCH with a small payload size

At RAN1 104-e, the following agreement was reached:

Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 
· Use a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK) at least in case the total number of LP and HP HARQ-ACK bits is more than 2.
· FFS: The PUCCH resource is configured dedicated for multiplexing of HP HARQ-ACK and LP HARQ-ACK.
· FFS in case the total number of LP and HP HARQ-ACK bits is 2.
· FFS details

We can see the case where the total number of LP and HQ HARQ-ACK bits is 2 is still open. We can first review Rel-15 design.

In Rel-15, the multiplexing behavior for SR and HARQ over PF0/PF1 can be found in the table below.

Table 3-1 Rel-15 multiplexing behavior
	
	HARQ-ACK on PUCCH F0
	HARQ-ACK on PUCCH F1

	SR on PUCCH F0
	CS changing on HARQ-ACK PUCCH resource
	Drop SR

	SR on PUCCH F1
	
	Resource selection



From inspection of the Rel-15 multiplexing behavior, when there is a collision between HARQ and SR, HARQ tends to be treated in a more preferential way than SR. From that, an analog treatment for HP HARQ and LP HARQ can be derived after that of Rel-15 HARQ and Rel-15 SR.  

In the Rel-15 design, when the gNB triggers a HARQ transmission over PUCCH with PF1, the gNB does not know whether a positive SR or a negative SR is going to be indicated by the UE, hence the PUCCH resources for both SR and HARQ need to be reserved, e.g. cannot be used by another UE; hence we conclude the Rel-15 behavior does not lead to resource saving. 


Table 3-2 Rel-17 behavior modeled after Rel-15 multiplexing behavior
	
	HP HARQ-ACK on PUCCH F0
	HP HARQ-ACK on PUCCH F1

	LP HARQ on PUCCH F0
	CS changing on HARQ-ACK PUCCH resource
	Drop LP HARQ-ACK (HARQ-HARQ case 1)

	LP HARQ on PUCCH F1
	
	Resource selection (HARQ-HARQ case 2)



If the Rel-15 design were extended to Rel-17, then we would have a design shown in Table 2: 
· The treatment for HARQ-HARQ case 1 in Table 2 won’t support UCI multiplexing across L1 priorities.
· The treatment for HARQ-HARQ case 2 in Table 2, is not suitable: when LP HARQ-ACK = “1”, the LP HARQ PUCCH resource is selected for transmission, which is inconsistent with the design principle for HARQ-ARK bits larger than 2 (i.e. always selecting a high priority PUCCH resource for multiplexed UCIs across L1 priorities). 
· From the design exercise on UL skipping[4], it seems channel selection should be avoided in general.

Aside from the design flows shown in Table 2, we would prefer a unified treatment for those two cases   rather than taking ad hoc treatment for each of them.

From that, finding a suitable solution for HP HARQ-ACK on PUCCH F1 is key. As discussed in [4], channel selection with PUCCH format 1 has led to complications in UCI multiplexing. In Rel-17, such a problem should be fixed by specification-based solution; and we don’t see channel selection as preferred solution for inter-L1 priority UCI multiplexing.

In Rel-15, up to 4 PUCCH resource sets can be configured to handle UCI payload including HARQ-ACK at different payload size, and PRI is further used to identify a PUCCH resource within the PUCCH resource set suitable for the current UCI payload size. In Rel-16, up to 4 PUCCH resources can be configured for SPS only HARQ-ACK. The same procedure of using the payload size to look up a PUCCH resource set/PUCCH resource. It is also noted the treatment of UCI payload with  is much simpler than the cases  Instead of developing ad hoc solution for all possible combinations considering PUCCH formats and payload, utilizing a unified design is preferred. We have

Proposal 3-1: For {HP HARQ-ACK at PUCCH Format 0, LP HARQ at PUCCH Format 0}, or {HP HARQ-ACK at PUCCH Format 1, LP HARQ at PUCCH Format 1}, or {HP HARQ at PUCCH Format 1, LP HARQ at PUCCH Format 0},
· If there are  HP HARQ-ACK bit(s),  LP HARQ-ACK bit(s),  then  is used to look up a HP PUCCH resource set/HP PUCCH resource. 
· If such a HP PUCCH resource is not available, then the LP UCI is discarded; and the HP UCI is carried over its configured PUCCH resource.
· If such a HP PUCCH resource is available, 3 bits are counted in the payload. 
· If there are 1 HP HARQ-ACK bit, 1 LP HARQ bit (i.e. , then 1 padding bit   included with them,  bits is used to look up a HP PUCCH resource set/HP PUCCH resource.
· If such a HP PUCCH resource is not available, then the LP UCI is discarded; and the HP UCI is carried over its configured PUCCH resource.
· If such a HP PUCCH resource is available, then 3 bits are counted in the payload (1 HP HARQ-ACK bit + 1 LP HARQ bit + 1 padding bit). 



Discussion on HARQ/SR multiplexing on PUCCH with a small payload size
In Rel-15, the multiplexing behavior for SR and HARQ over PF0/PF1 can be found in the table below.

Table 4-1 Rel-15 multiplexing behavior
	
	HARQ-ACK on PUCCH F0
	HARQ-ACK on PUCCH F1

	SR on PUCCH F0
	CS changing on HARQ-ACK PUCCH resource
	Drop SR

	SR on PUCCH F1
	
	Resource selection



At RAN1 #104-bis, for Cases 1, 2 and 3 below, In RAN1 104-e, many design options are listed for HARQ/SR multiplexing.

Table 4-2 Rel-15 UCI multiplexing cases
	
	LP HARQ-ACK on PUCCH F0
	LP HARQ-ACK on PUCCH F1

	HP SR on PUCCH F0
	Case 1
	Case 2

	HP SR on PUCCH F1
	Case 3
	Case 4 



[bookmark: _Ref54042045]


Agreements for Case 1:
When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, further study the following options (proponents are encouraged to provide more details and analysis):
  Opt.1: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
  Opt.1a: The UE does not transmit negative SR.
  Opt.1b: For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.
  Opt.1c: For negative SR, the UE transmits SR and HARQ-ACK on the SR resource
  FFS: whether with power boost to transmit multiplexed payload or not.
  Opt.2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
  Opt.2a: If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
  Opt.2b: Using 4 CS values as for SR+1-bit HARQ-ACK in Rel-15/16. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced/compressed to 1-bit.
  Opt.2c: If SR is positive, SR is multiplexed on HARQ-ACK resource in the same way as Rel-15. If SR is negative, transmit only HARQ-ACK on HARQ-ACK resource.
  Opt.3: No enhancement over Rel-16.
  Other options not excluded.
  FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?

From the discussion in [4], we don’t prefer the physical channel for UCI transmission depends on the payload content in the UCI. From that, Options, 1a, 1b, 2a, 2c and 3 are not preferred. 

Agreements for Case 2:
When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, further study the following options (proponents are encouraged to provide more details and analysis):
  Opt.1: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
  Opt.1a: The UE does not transmit negative SR.
  Opt.1b: For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.
  Opt.1c: For negative SR, the UE transmits SR and HARQ-ACK on the SR resource
  FFS: whether with power boost to transmit multiplexed payload or not.
  Opt.2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
  Opt.2a: If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
  Opt.2b: Applying QPSK for SR+1-bit HARQ-ACK. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced/compressed to 1-bit.
  FFS on conditions of multiplexing.
  Opt.3: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
  Opt.4: For positive SR, transmit SR on the SR resource and drop HARQ-ACK. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
  Opt.5: No enhancement over Rel-16.

  Other options not excluded.
  FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?

From the discussion in [Rel-16 UL skipping], we don’t prefer the physical channel for UCI transmission depends on the payload content in the UCI. From that, Options, 1a, 1b, 2a, 2c and 3 are not preferred. 



Agreements for Case 3:
When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, further study the following options (proponents are encouraged to provide more details and analysis):
  Opt.1: The SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
  Opt.1a: For positive SR, the UE transmits the PUCCH in the resource using PUCCH format 1 for SR. The value of cyclic shift of sequence, i.e., , of this PUCCH format 1 is determined by HARQ-ACK, and the bit, i.e., b(0), of this PUCCH format 1 is determined by SR. For negative SR, the UE transmits only a PUCCH with HARQ-ACK information and drops the PUCCH with negative SR.
  Opt.1b: SR and HARQ-ACK are multiplexed and modulated to be transmitted on the SR resource
  Opt.2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
  Opt.2a: If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
  Opt.2b: Using 4 CS values as for SR+1-bit HARQ-ACK in Rel-15/16. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced/compressed to 1-bit.
  Opt.2c: If SR is positive, SR is multiplexed on HARQ-ACK resource in the same way as Rel-15. If SR is negative, transmit only HARQ-ACK on HARQ-ACK resource.
  Opt.2d: HP SR and LP HARQ-ACK are multiplexed by the Rel-15 cyclic shift only if latency requirement for HP SR is met. Otherwise, drop the LP HARQ-ACK and only transmit the HP SR on its resource.
  Opt.3: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
  Opt.4: No enhancement over Rel-16.
  Other options not excluded.
  FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?



For multiplexing across L1 priorities for SR and HARQ, the Rel-15 solution cannot be easily used as  it won’t guarantee the multiplexed UCIs are carried over a HP PUCCH resource. 

Here we can also propose another approach to provide a unified solution for UCI multiplexing for a small number of UCI bits. It can be considered that when HARQ-ACK PUCCH resource and SR PUCCH resource both configured with PUCCH format 1 collide, then a HP PUCCH resource for HARQ-ACK with payload more than 2 bits is used, zero padding or repetition of the HP UCI bit can be considered to minimize specification change & implementation change. However, such a solution does not have to be limited to only the case with colliding PF1.

For that, the same solution proposed above for HARQ/HARQ at PF1 can be considered. We have

Proposal 4-1: For {HP SR at PUCCH Format 0, LP HARQ-ACK at PUCCH Format 0}, or {HP SR at PUCCH Format 1, LP HARQ-ACK at PUCCH Format 1}, or {HP SR at PUCCH Format 1, LP HARQ-ACK at PUCCH Format 0}, {HP SR at PUCCH Format 1, LP HARQ-ACK at PUCCH Format 0},
· If there are 2 HARQ-ACK bits, then the 1 SR bit is included in the payload,  bits is used to look up a HP PUCCH resource. 
· If such a HP PUCCH resource is not available, then the LP UCI is discarded; and the HP UCI is carried over its configured PUCCH resource.
· If such a HP PUCCH resource is available, 3 bits are counted in the payload. 
· If there are 1 HARQ-ACK bit, 1 SR bit, then 1 padding bit included with them,  bits is used to look up a HP PUCCH resource.
· If such a HP PUCCH resource is not available, then the LP UCI is discarded; and the HP UCI is carried over its configured PUCCH resource.
· If such a HP PUCCH resource is available, then 3 bits are counted in the payload (1 HARQ-ACK bit + 1 SR bit + 1 padding bit). 

Discussion on UCI multiplexing over PUCCH
In NR design, UCI multiplexing over PUCCH considers reliability of OFDM symbols in PUCCH, OFDM symbols are grouped in up to 3 groups, then depending whether the size of UCI part I and UCI part II, the resources are determined. 
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Figure 5-2 UCI mapping for UCI part I in Rel-15

Given the complex nature of the design, it is not desirable to reopen the design on all fronts, and then Rel-15 design can be should retained when possible. 
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Figure 5-3 Rel-15 design


In Rel-15:
· In no CSI report is not of two parts, UCI multiplexing for HARQ-ACK, SR and CSI are jointly encoded.
· If at least one CSI report is of two parts, then CSI part 2 is separated encoded, and the rest are jointly encoded.

We have 
Observation 5-1: both joint encoding and separate encoding of UCIs are used in Rel-15 UCI multiplexing.

[image: Diagram

Description automatically generated]
Figure 5-4 UCI mapping over PUCCH for two-part CSI in Rel-15
The mapping rules for CSI Part I and CSI part II over PUCCH are specified in TS 38.212 in Rel-15/16. To facilitate the discussion in the following, we denote the resources taken by CSI Part I and CSI part II as UCI Part I and UCI part II respectively. Then by creating mapping rules as proposed subsequently, it is intended to a large degree the mapping rules for CSI Part I, CSI part II as captured in Clause 6.3.1 of TS 38.212 can be reused for UCI part I and UCI Part II. 

Note in Clause 6.3.1.1.3 of TS 38.212, two sequences are defined for the case with two part CSI for the case shown in the red box in Figure 2:





“If at least one of the CSI reports for transmission on a PUCCH is of two parts, two UCI bit sequences are generated,  and , according to the following, where  and ”.



With proposed solutions below,  and  are populated differently.

Similarly, one UCI bit sequence is generated, for cases shown in the blue box in Figure 2, then the discussion is above how to populate the UCI bit sequence.

Separate encoding HP HARQ-ACK and LP HARQ-ACK

With separate encoding, the following mapping can be considered. 
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Figure 5-4 Separate encoding for HP HARQ-ACK and LP HARQ-ACK
As noted previously, in Rel-15 UCI part I and UCI part II roughly have the same coding rate. One argument for separate encoding is that different coding rates can be applied to HP HARQ-ACK and LP HARQ-ACK.

Note in a particular case or the final design, not all the UCIs are present or can be present. CSI feedback can be assumed at LP. If Rel-17 inter-L1 priority UCI multiplexing is limited to HARQ-ACK and SR, then CSI part I and CSI part II are both absent in the UCI multiplexing as shown in the figure below. 
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Figure 5-5 Separate encoding for HARQ-ACK/SR only
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Figure 5-6(a) UCI mapping for separate encoding of HP/LP HARQ-ACK (1)
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Figure 5-6(b) UCI mapping for separate encoding of HP/LP HARQ-ACK (2)
Proposal 5-1: leverage the Rel-15 design, LP HARQ-ACK can be mapped to UCI Part II in separate encoding.

Joint encoding HP HARQ-ACK and LP HARQ-ACK
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Figure 5-7 UCI mapping into UCI parts

With joint encoding, the above mapping can be considered.  Essentially UCI payload is divided into two parts, UCI part I and UCI part II. In Rel-15, CSI part I and CSI part II roughly have the same coding rate. For inter-L1 priority multiplexing, different coding rates for Part I and part II can be motivated. 

In Rel-16, S/SP CSI over PUCCH is always at LP, and AP CSI is not carried over PUCCH. In Rel-17, depending on outcome of CSI enhancements for URLCC, AP CSI over PUCCH may be at HP or LP, or it can be at HP only (e.g. justified by AP CSI is more naturally motivated for URLLC), and HP S/SP CSI PUCCH may also be introduced. More discussions will be provided in Section 2.1. 

 To handle UCI omission/compaction, it is reasonable to arrange UCIs in part I with the following order:
	HP HARQ-ACK > HP SR > LP HARQ-ACK > LP SR > CSI part I. 

Note in a particular case, not all the UCIs are present or can be present. CSI feedback can be assumed at LP. If Rel-17 inter-L1 priority UCI multiplexing is limited to HARQ-ACK and SR, then CSI part I and CSI part II are both absent in the UCI multiplexing as shown in the figure below. 
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Figure 5-7 Joint encoding of HARQ-ACK/SR only
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Figure 5-8 Examples of UCI encoding

We have
Proposal 5-2: leverage the Rel-15 design, LP HARQ-ACK can be mapped to UCI Part I in joint encoding.
Discussion on CSI Part I and CSI Part II
In Rel-15, the introduction of two part CSI feedback was motivated by the payload size variation for the reported rank: CSI Part I provides sufficient information for gNB to determine the size of CSI part II, so blind detection with respect to different ranks is avoided. Note in Rel-15, single part CSI reports are included in CSI Part I even though for a single part CSI report there is no CSI part I in the CSI report. Considering in Rel-17 the coding rate for UCI part I can be different from that for UCI part II, hence there may be a motivation to move all non-essential UCIs to UCI part II. Specifically, if a CSI report consists of a single part, then it can be carried to UCI Part II. However, if the single part CSI report is at HP, then it may be still desirable to carry the HP CSI report in UCI Part I. 


Assume there are cases where the UCI payload may exceed the capacity of a PUCCH, if the following priority rule is used (note not all UCI types may be present in a particular scenario, nor all the combinations need to be supported by specification):
	
HP HARQ-ACK > HP SR > (HP CSI) > LP HARQ-ACK > (LP SR) > (LP CSI)

With the above prioritization rule, then CSI omission rule as captured in TS 38.214 may need to run twice: it is first run for LP CSI, and after omitting or dropping all LP CSI, LP SR and LP HP-HARQ-ACK, part of HP CSI needs to be omitted secondly. In Figure 5-9, it shows that the CSI priority rule is applied separately to HP CSI and LP CSI, then (parts of) CSI reports within H-CSI and CSI reports within L-CSI are separately dropped, so the CSI priority rules are run twice, one for HP CSI another for LP CSI.


Alternatively, in order to run the CSI omission rule just once, HP CSI and LP CSI can be treated together as shown in Figure 5-10. In this case, the CSI priority rule can be modified by including physical layer priority:

· Physical layer priority 
· timing domain property and physical channel (AP CSI over PUSCH > AP CSI over PUCCH > SP CSI over PUSCH > SP CSI over PUCCH > P CSI over PUCCH) 
· report quantity (CSI reports for beam management (L1-RSRP/L1-SINR) > CSI reports not for beam management)
· serving cell index 
· reportConfigID


We can observe that 
· Considering different reliability of UCI Part I and UCI part II, it can be motivated to map a single part CSI report to UCI part I or UCI part II. 
· Considering UCI type’ importance, there may be rationale to treat HP CSI and LP CSI separately. In another word, separate CSI treatment can be motivated.
· considering UE implementation effort, joint CSI treatment can be motivated.
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Figure 5-9 separate CSI treatment to physical layer priority
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Figure 5-10 Joint CSI treatment

Options for separate encoding of HP HARQ-ACK and LP HARQ-ACK
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Figure 5-11 separate CSI treatment: Option 1

In Figure 5-11, Option 1 for separate CSI treatment is shown. In contrast to Figure 3, HP CSI and LP CSI are separately considered, e.g. by following the prioritization order as 

HP HARQ-ACK > HP SR > HP CSI part I > LP CSI part I in UCI Part I

HP CSI part II >  LP HARQ-ACK > LP SR > LP CSI part II in UCI Part II.

CSI omission rule is be applied to HP CSI and LP CSI respectively. 
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Figure 5-12 Separate CSI treatment: option 2
In Figure 5-12, Option 2 for separate CSI treatment is shown. 

In contrast to Rel-15 design, CSI omission is conducted on the basis of an individual CSI report, e.g. if UCI payload is not sufficient for all CSI reports, then the CSI report of the lowest CSI priority is dropped (i.e. both Part I and Part II (if present) of that CSI report are dropped) first, if still not enough, then the next CSI report is dropped, etc. 

With Figure 5-12, two schemes for separate CSI treatment are considered:
· Option 2-1: CSI omission is conducted jointly for HP CSI and LP CSI 
· HP CSI report and LP CSI are Jointly considered, e.g. by following the prioritization order as 

· HP HARQ-ACK > HP SR > part I of a HP CSI report (of the highest CSI priority) …> part I of a HP CSI report (of the lowest CSI priority)  > part I of a LP CSI report (of the highest CSI priority) …> part I of a LP CSI report (of the lowest CSI priority)  in UCI Part I

· Part II of a HP CSI report (of the highest CSI priority) …> Part II of a HP CSI report (of the lowest CSI priority)  > Part II of a LP CSI report (of the highest CSI priority) …> Part II of a LP CSI report (of the lower CSI priority) in UCI Part II, LP HARQ-ACK and/or LP SR don’t come between CSI reports.

· Option 2-2: CSI omission is conducted separately for HP CSI and LP CSI 
· In contrast to Figure 3, HP CSI report and LP CSI are separately considered, e.g. by following the prioritization order as 

· HP HARQ-ACK > HP SR > part I of a HP CSI report (of the highest CSI priority) …> part I of a HP CSI report (of the lowest CSI priority)  > part I of a LP CSI report (of the highest CSI priority) …> part I of a LP CSI report (of the lowest CSI priority)  > in UCI Part I

· Part II of a HP CSI report (of the highest CSI priority) …> Part II of a HP CSI report (of the lowest CSI priority)    >  LP HARQ-ACK > LP SR > Part II of a LP CSI report (of the highest CSI priority) …> Part II of a LP CSI report (of the lower CSI priority) in UCI Part II.
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Figure 5-13 Separate CSI treatment: Option 3
In Figure 5-13, it shows single CSI reports are mapped to UCI Part II, similar options as provided for Figure 5-12 can be considered.


Options for joint encoding of HP HARQ-ACK and LP HARQ-ACK

For joint encoding of HP HARQ-ACK and LP HARQ-ACK, then instead of mapping LP-HARQ-ACK to UCI part II as discussed in the previous section, LP-HARQ-ACK is mapped to UCI Part I, options similar to those shown in Figures 11-14 in the previous section can be obtained for joint encoding of HP HARQ-ACK and LP HARQ-ACK.
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Figure 5-14 CSI mapping: Option 1 (obtained from Figure 5-11 by removing the dashed line and having the red line).

Summary
From the above discussion, we can see both joint encoding and separate encoding of HP/LP HARQ-ACK by leveraging the Rel-15 design, by mapping UCIs to respective UCI parts. 

It can be seen that once omission of HP CSI and LP CSI are separately treated, there can be many variations in the mapping to UCI Parts. Considering the design effort and especially UE implementation complexity, a single CSI treatment is preferred. And solutions provided in Appendix A can be considered.

We have 
Proposal 5-3: HP and LP CSI is jointly treated for CSI omission, introduce physical layer priority in the CSI priority rule.

Discussion on UCI multiplexing over PUSCH
UCI multiplexing over PUSCH in Rel-15 is quite complex already:
· Depending on the number of HARQ-ACK bits, puncturing or rate matching is used for HARQ-ACK bits.
· As PUSCH does not carry SR, the UCI types are limited to HARQ-ACK and CSI. When both HARQ-ACK and CSI feedback are present, then a three part UCI multiplexing scheme is used.

Given the complexity of the existing NR design, it is beneficial to reuse the existing design as much as possible. One can treat the CSI encoding/multiplexing almost as functions in a programming language, then with proper adaption of the inputs to these functions, the Rel-17 design can be obtained. Note however, some details still need to be worked out.
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Figure 15 Mapping of UCIs to 3 parts in UCI multiplexing over PUSCH in Rel-15/16
The mapping rules for HARQ-ACK, CSI Part I and CSI part II over PUSCH are specified in TS 38.212 in Rel-15/16, e.g. in Clause 6.2.7 (Data and control multiplexing, TS 38.212). 
The inputs to the mapping rules are defined in Clause 6.2.7:


“Denote the coded bits for UL-SCH as .

Denote the coded bits for HARQ-ACK or jointly coded bits for HARQ-ACK and CG-UCI when the high layer parameter cg-UCI-Multiplexing is configured, if any, as .

Denote the coded bits for CSI part 1, if any, as .

Denote the coded bits for CSI part 2, if any, as .
Denote the coded bits for CG-UCI without HARQ-ACK, if any, as .

Denote the multiplexed data and control coded bit sequence as . “





We denote the resources taken by HARQ-ACK and/or CG-UCI ( or ) , CSI Part I () and CSI part II () as UCI Part 0, UCI Part I and UCI part II respectively. Then by creating mapping rules subsequently, it is intended to a large degree the mapping rules for HARQ-ACK, CSI Part I, CSI part II as captured as a 6 step procedure in Clause 6.2.7 of TS 38.212 can be reused for UCI Part 0, UCI part I and UCI Part II.

To avoid cumbersome description, we may drop mention of CG-UCI in the following. It is understood that CG-UCI is mapped to UCI Part 0.




With proposed solutions below, UCIs in UCI Part 0 populate a sequence in replacement of , UCIs in UCI Part I populate a sequence in replacement of , UCIs in UCI Part II populate a sequence in replacement of .
Separate encoding of HP HARQ-ACK and LP HARQ-ACK over PUSCH

[image: Diagram
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Figure 16 Separate encoding of HP HARQ-ACK and LP HARQ-ACK
With the goal to reuse the Rel-15 design, LP HARQ-ACK can be mapped to UCI Part I or UCI Part II:
· If mapped to UCI Part I (shown by the blue solid line), then the encoding sequence is CSI Part I > LP HARQ-ACK if CSI Part I contains HP CSI, otherwise the encoding sequence is LP HARQ-ACK> CSI Part I.
· If mapped to UCI Part II (shown by the red dashed line), then the encoding sequence is CSI Part II > LP HARQ-ACK if CSI Part II contains HP CSI, otherwise LP HARQ-ACK> CSI Part II can be used.

With the joint CSI treatment between HP CSI and LP CSI, when the payload size of UCIs exceeds the capacity for Part I and/or Part II,  the CSI omission rule is applied to the collected CSIs.

Similar to the discussion in Section 2.3.1 for separate CSI treatment, we provide different design options on separate CSI treatment for separate encoding of HP HARQ-ACK and LP HARQ-ACK over PUSCH. Note for each option, choices to map LP HARQ-ACK to UCI Part I or UCI Part II are shown.
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Figure 17 Separate CSI treatment Option 1
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Figure 18 Separate CSI treatment example
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Figure 19 Separate CSI treatment Option 2
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Figure 20 Separate CSI treatment Option 3
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Figure 21 Separate CSI treatment Option 4

Proposal 6-1: leverage the Rel-15/16 design, LP HARQ-ACK can be mapped to UCI Part I or UCI part II in separate encoding.

Joint encoding of HP HARQ-ACK and LP HARQ-ACK over PUSCH

Similar to the discussion in Sections 2.1, 2.2 and 3.2, we can consider joint CSI treatment under joint encoding of HP HARQ-ACK and LP HARQ-ACK over PUSCH as shown in Figure 22.
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Figure 22 Joint CSI treatment

Similar to the discussion in Sections 2.1, 2.2 and 3.2, we can consider separate CSI treatment under joint encoding of HP HARQ-ACK and LP HARQ-ACK over PUSCH as shown in Figure 23-26.
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Figure 23 Separate CSI treatment Option 1
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Figure 24 Separate CSI treatment Option 2
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Figure 25 Separate CSI treatment Option 3

Proposal 6-2: leverage the Rel-15/16 design, LP HARQ-ACK can be mapped to UCI Part 0 in joint encoding.


Omission/compaction rules
[image: Diagram
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Figure 26 Resource selection and PRB number adjustment in Rel-15
Broadly speaking, when UCI payload size exceeds the capacity of PUCCH, 3 approaches can be taken:
· Approach 1: If one UCI type/part cannot be fit, discard it totally. 
· Simple solution, but may not be suitable for some deployments
· Approach 2: gNB over-provisions the PUCCH resource (for PF2/PF3), and it relies on PRB number adjustment according to UCI payload size by the UE for efficient resource utilization.
· In Rel-15, PRB number adjustment is done for PUCCH resource for DG HARQ-ACK codebook, but not for multi-CSI PUCCH resource or a single CSI PUCCH resource. 
· The design makes sense as the addition due to 1 bit SPS HARQ bit in Rel-15 does not substantially impact the coding rate/payload size, but the situation can be totally different in Rel-17 (SPS HARQ-ACK (current slot) and SPS HARQ-ACK (deferred) can be with multiple bits, the payload variation from {CSI only} to {CSI + HARQ-ACK } can be significant).
· Approach 3: Omission/compaction rule
Rel-15 builds omission rules for CSI, Rel-17 may need additional omission/compaction rule for HARQ-ACK codebooks.

· In general, following the dropping order to drop UCIs (CSI omission is dependent on joint CSI treatment or separate CSI as discussed in Section 5 and Section 6):
· SR:
· SR is dropped in total or with “OR” across all SRs to reduce SR to a single bit feedback
· For example with [0010]—> “1” after “OR” operation across L1 priories, so HP SR and LP SR are “OR”ed.
· HARQ dropping:
· Dropping rules for HARQ within the same can be defined in a number of ways, which can be specified in total or in part, up to RRC signaling configuration from gNB in total or in part:
· DG HARQ > deferred SPS HARQ > current SPS HARQ  or
· deferred SPS HARQ > DG HARQ > current SPS HARQ, etc
· Example 1:
· With HP HARQ (DG HARQ + deferred SPS HARQ), HP SR, LP HARQ:
· When payload size is not enough for all UCIs:
· Drop/compact LP HARQ, until all LP HARQ is dropped;
· If still not enough, drop/compact HP SR;
· If still not enough, drop deferred SPS HARQ, etc
· Example 2:  
· With HP HARQ, HP SR, LP HARQ, LP CSI:
· When payload size is not enough for all UCIs:
· Omit CSI as in Rel-15,  (e.g. all CSI reports are dropped)
· Drop/compact LP HARQ, (e.g. all LP HARQ is dropped);
· If still not enough, drop/compact HP SR;
· If still not enough, drop deferred SPS HARQ, etc


· Compaction for Type 1 HARQ-ACK codebook:
· Convert CBG based feedback to TB based feedback
· Spatial bundling
· Discard HARQ-ACK for some CCs, e.g. for higher-indexed cells 
· Compaction for Type 2 HARQ-ACK codebook:
· Convert CBG based sub-codebook to another TB based codebook
· Spatial bundling
· Compaction for Type 3/ enhanced Type 3 HARQ-ACK codebook:
· Convert CBG based feedback to TB based feedback
· Spatial bundling
· Discard HARQ-ACK for some CCs, e.g. for higher-indexed cells
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Figure 27 Omission rules



PUCCH resources for SPS HARQ-ACK
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Figure 28 Feedback resource determination for SPS HARQ-ACK in Rel-15 and Rel-16

· In Figure 28, SPS HARQ-ACK only multiplexing over PUCCH for CSI is shown, the flow chart is generated according to TS 38.213. 
· The blue box shows there is no PRB # adjustment for PF2/PF3 when a single CSI report’s PUCCH is selected for SPS HARQ multiplexing;
· The yellow box shows there is no PRB # adjustment for PF2/PF3, but CSI omission rules are used.
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Figure 29 Proposed design for PUCCH resource determination SPS HARQ-ACK
We can consider a few use cases for SPS HARQ-ACK feedback:
· Use case 1: 
· If S/SP CSI targeting URLLC traffic as discussed currently in Rel-17, can be motivated & specified, then HP S/SP CSI’s PUCCH can be also considered as container for cross-priority HARQ-ACK/SR multiplexing. In this case, cross-priority HARQ multiplexing over PUCCH for CSI can happen:
· LP SPS HARQ-ACK + HP S/SP CSI 	
· User case 2:
· Even if S/SP CSI is still always at LP in Rel-17, the payload size range may swing more widely in Rel-17 than in Rel-16, with SPS HARQ-ACK deferral.
· There is no agreement yet in RAN1 on the PUCCH resource for SPS HARQ-ACK deferral:
· Several options can be considered:
· DG HARQ-ACK’s PUCCH resource sets/PUCCH resources, but the lack of PRI indication may make such a design less attractive from network operation of view;
· SPS HARQ-ACK’s own PUCCH resources, then depending on the presence/absence of SPS HARQ-ACK(without deferral) and SPS HARQ-ACK with deferral due on the current slot, the combined payload size can swing widely.
· Dedicated PUCCH resources for SPS HARQ-ACK deferral.

With the considered use cases, we propose to consider the flow chart in Figure 29.
· SPS HARQ deferral is treated as a new input for the UCI multiplexing.
· The blue box can be modified to use CSI omission rules and HARQ compaction rules.
· The yellow box already supports CSI omission rules: 
· Consider the payload size fluctuation in Rel-17 is much more than in Rel-15, over-provision of PF2/PF3 may be necessary, from that PRB # adjustment may become necessary also as when SPS HARQ-ACK deferral is not present, the payload can be smaller. 

Proposal 8-1: consider PRB # adjustment and CSI omission/HARQ compaction for the PUCCH resource under multi-CSI-PUCCH-ResourceList and pucch-CSI-ResourceList.
  
Discussion on PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH

The WI has tasked RAN1 to “Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline”. 

At RAN1 103-e, the following was agreed:


Agreements:
Support PHY prioritization of overlapping high-priority dynamic grant PUSCH and low-priority configured grant PUSCH on a BWP of a serving cell in R17.
· FFS the related cancelation behavior for the PUSCH of lower PHY priority and other details.
· First clarify what is the scope of this feature, e.g. if overlapping between more than 2 channels is considered.
· FFS the timeline requirements.
· First clarify what is the behavior of Rel-16 UE in case of DG/CG/UCI overlapping, with and without uplink skipping enabled.
· FFS UE capability for this feature.
· Note: The main bullet has been agreed in the WID by RAN Plenary.


In Rel-15, when timeline conditions are met, a DG PUSCH can be scheduled over a CG transmission occasion. While the specification for DG/CG with single slot transmission is rather clear, we note that the Rel-15 behavior concerning CG/DG with slot aggregation was only clarified at RAN1 101-e. 

With the introduction of multiple CGs over a BWP, PUSCH repetition Type B, and physical layer priority, the Rel-16 behavior concerning CG/DG is quite complicated and in need of clarification, we have discussed them in a companion paper [3]. In our view, bringing clarity to the Rel-16 behavior is the first step to define the Rel-17 solution, and it is important to identify what transmission strategies are already supported by the Rel-16 specification and what are not; this also fulfills the requirement in WID “taking the solution developed during Rel-16 as the baseline”.

We have

Proposal 9-1: Clarify the Rel-16 UE behavior concerning DG/CG transmission. 

Simultaneous PUCCH and PUSCH transmissions
The following was agreed:
Agreements:
Support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA.
· FFS how to trigger this function.
· FFS for intra-band CA.

Subject to UE capability, simultaneous PUCCH and PUSCH transmissions for inter-band CA can be enabled; the enabling mechanism should be through RRC configuration. Note at RAN1 #97, the UCI multiplexing behavior was clarified, the note below has been captured in the Chairman’s notes of RAN1 #97:




The Rel-15 and Rel-16 NR design mandates that UCI which would be carried over a PUCCH overlapping with PUSCH(s), be multiplexed over one of those PUSCHs. With simultaneous PUCCH/PUSCH transmissions on different cells for inter-band CA, Step 2 is executed for PUCCH and PUSCHs on for CCs in the same band as the PUCCH-residing CC, and PUSCHs on CCs at other bands are not considered in Step 2. 

Simultaneous PUCCH/PUSCH transmission for intra-band CA leads to Tx discontinuity and large Tx power back-off. More specifically, phase discontinuity is a concern if different durations of the PUSCH and PUCCH are used.  To avoid phase discontinuity, then PUSCH duration and PUCCH duration have to be the same. However, for transmission at different physical layer priorities, mandating the same transmission duration for PUCCH/PUSCH severely limits cases where Simultaneous PUCCH/PUSCH transmission is used. With such strong restriction on PUSCH/PUCCH, it is not clear whether Simultaneous PUCCH/PUSCH transmission for intra-band CA provides much benefit. 
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Figure 30 Phase discontinuity at PUCCH

Proposal 10-1: Simultaneous PUCCH/PUSCH transmission for intra-band CA is not supported if phase discontinuity problem cannot be addressed.


In NR, PTRS (Phase Tracking Reference Signal) has been introduced for PDSCH and PUSCH to handle phase noise in FR2. Essentially by inserting reference symbols in the time domain, the receiver can track the phase change from one OFDM symbol to another OFDM symbol, and with the pre-DFT insertion of PTRS with DFT S-OFDM even tracking phase change at sub-OFDM symbol is also possible. PTRS can be also used to track frequency offset, e.g. front-load DMRS and PTRS can be used together as an alternative to inserting DMRS at multiple locations in PUSCH. Similarly, PTRS can be used to handle phase discontinuity for simultaneous PUCCH/PUSCH transmission:

· PTRS in PUSCH can be configured so phase jump due to the start or the end of PUCCH on another CC can be handled.
· PTRS in PUCCH can be introduced so phase jump due to the start or the end of PUSCH on another CC can be handled. 
· Note: an often-cited example for simultaneous PUCCH/PUSCH transmissions is a short PUSCH on CC1 and a long PUCCH on CC2.

For PUCCH format 3, PTRS can be introduced in a similar way as that for DFT-S-OFDM PUSCH. 

Proposal 10-2: consider the feasibility of introducing PTRS for PUCCH to handle phase discontinuity problem in simultaneous PUCCH/PUSCH transmissions for intra-band CA.


Simultaneous PUCCH/PUSCH transmission on the same cell also leads to phase discontinuity issue. When the separation of PUCCH and PUSCH in the frequency domain is large, an even more serious issue is inter-modulation interference, which leads to a big challenge in UE implementation.  We have 
Proposal 10-3: Simultaneous PUCCH/PUSCH transmission on the same CC is not supported.
Conclusion
In this contribution we share our views on Intra-UE Multiplexing/Prioritization for URLLC. We have

Observation 5-1: both joint encoding and separate encoding of UCIs are used in Rel-15 UCI multiplexing.


Proposal 3-1: For {HP HARQ-ACK at PUCCH Format 0, LP HARQ at PUCCH Format 0}, or {HP HARQ-ACK at PUCCH Format 1, LP HARQ at PUCCH Format 1}, or {HP HARQ at PUCCH Format 1, LP HARQ at PUCCH Format 0},
· If there are  HP HARQ-ACK bit(s),  LP HARQ-ACK bit(s),  then  is used to look up a HP PUCCH resource set/HP PUCCH resource. 
· If such a HP PUCCH resource is not available, then the LP UCI is discarded; and the HP UCI is carried over its configured PUCCH resource.
· If such a HP PUCCH resource is available, 3 bits are counted in the payload. 
· If there are 1 HP HARQ-ACK bit, 1 LP HARQ bit (i.e. , then 1 padding bit   included with them,  bits is used to look up a HP PUCCH resource set/HP PUCCH resource.
· If such a HP PUCCH resource is not available, then the LP UCI is discarded; and the HP UCI is carried over its configured PUCCH resource.
· If such a HP PUCCH resource is available, then 3 bits are counted in the payload (1 HP HARQ-ACK bit + 1 LP HARQ bit + 1 padding bit). 

Proposal 4-1: For {HP SR at PUCCH Format 0, LP HARQ-ACK at PUCCH Format 0}, or {HP SR at PUCCH Format 1, LP HARQ-ACK at PUCCH Format 1}, or {HP SR at PUCCH Format 1, LP HARQ-ACK at PUCCH Format 0}, {HP SR at PUCCH Format 1, LP HARQ-ACK at PUCCH Format 0},
· If there are 2 HARQ-ACK bits, then the 1 SR bit is included in the payload,  bits is used to look up a HP PUCCH resource. 
· If such a HP PUCCH resource is not available, then the LP UCI is discarded; and the HP UCI is carried over its configured PUCCH resource.
· If such a HP PUCCH resource is available, 3 bits are counted in the payload. 
· If there are 1 HARQ-ACK bit, 1 SR bit, then 1 padding bit included with them,  bits is used to look up a HP PUCCH resource.
· If such a HP PUCCH resource is not available, then the LP UCI is discarded; and the HP UCI is carried over its configured PUCCH resource.
· If such a HP PUCCH resource is available, then 3 bits are counted in the payload (1 HARQ-ACK bit + 1 SR bit + 1 padding bit). 

Proposal 5-1: leverage the Rel-15 design, LP HARQ-ACK can be mapped to UCI Part II in separate encoding.

Proposal 5-2: leverage the Rel-15 design, LP HARQ-ACK can be mapped to UCI Part I in joint encoding.

Proposal 5-3: HP and LP CSI is jointly treated for CSI omission, introduce physical layer priority in the CSI priority rule.

Proposal 6-1: leverage the Rel-15/16 design, LP HARQ-ACK can be mapped to UCI Part I or UCI part II in separate encoding.

Proposal 6-2: leverage the Rel-15/16 design, LP HARQ-ACK can be mapped to UCI Part 0 in joint encoding.

Proposal 8-1: consider PRB # adjustment and CSI omission/HARQ compaction for the PUCCH resource under multi-CSI-PUCCH-ResourceList and pucch-CSI-ResourceList.

Proposal 9-1: Clarify the Rel-16 UE behavior concerning DG/CG transmission. 

Proposal 10-1: Simultaneous PUCCH/PUSCH transmission for intra-band CA is not supported if phase discontinuity problem cannot be addressed.

Proposal 10-2: consider the feasibility of introducing PTRS for PUCCH to handle phase discontinuity problem in simultaneous PUCCH/PUSCH transmissions for intra-band CA.

Proposal 10-3: Simultaneous PUCCH/PUSCH transmission on the same CC is not supported.
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Appendix A: CSI priority rules considering physical layer priorities

In Rel-16 URLLC, HP CSI is supported for AP-CSI over PUSCH, i.e. according to the priority indicator, AP-CSI sent over HP PUSCH is considered high priority, and AP-CSI sent over LP PUSCH is considered  low priority. 
In Rel-17 URLLC, high priority CSI can be introduced for the following reasons:
1. AP CSI over PUCCH
2. New report quantity specifically targeting URLLC
In general, there can be approaches for multiplexing CSI across physical layer priorities:

Approach 1: when a channel containing LP CSI overlaps with another channel containing HP CSI, the LP CSI reports are dropped in the selected channel for UCI transmission.

Approach 2: when a channel containing LP CSI overlaps with another channel containing HP CSI, CSI omission rules are separately applied to HP CSI and LP CSI, the resulted UCIs are sent in the channel for UCI transmission.

Approach 3: when a channel containing LP CSI overlaps with another channel containing HP CSI, CSI omission rules are jointly applied to HP CSI and LP CSI, the resulted UCIs are sent in the channel for UCI transmission.
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Figure 31 LP CSI and HP CSI are separately treated, for Approach 2
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Figure 32 LP and HP CSIs are jointly treated, in Approach 3

For Approach 3, several priorities can be considered:

Option 1:
Physical layer priority > time domain property and container channel (AP CSI over PUCCH > AP CSI over PUSCH > SP CSI over PUSCH > SP CSI over PUCCH >  P CSI over PUCCH) > cell index > reportConfigID
Since AP CSI over PUCCH can be for an ongoing PDSCH transmission, the scheduling decision from gNB hinges on it, so its priority is higher than that for AP CSI over PUSCH

Option 2: 
Physical layer priority > time domain property and container channel (AP CSI over PUCCH =AP CSI over PUSCH > SP CSI over PUSCH > SP CSI over PUCCH >  P CSI over PUCCH) > cell index > reportConfigID
Consider at the same physical layer priority, the case AP CSI over PUCCH overlaps AP CSI over PUSCH can be avoided for gNB scheduling, taking AP CSI over PUCCH =AP CSI over PUSCH is also possible. 

Considering those two options, we have 
Text proposal for Option 1:
 
Priority rules for CSI reports
CSI reports are associated with a priority value  where
- p: the physical layer index, “0” for the high physical layer priority, “1” for the low physical layer priority	
- for aperiodic CSI reports to be carried on PUCCH 




 for aperiodic CSI reports to be carried on PUSCH,  for semi-persistent CSI reports to be carried on PUSCH,  for semi-persistent CSI reports to be carried on PUCCH and  for periodic CSI reports to be carried on PUCCH;


-	 for CSI reports carrying L1-RSRP and  for CSI reports not carrying L1-RSRP;
-	c is the serving cell index and  is the value of the higher layer parameter maxNrofServingCells;

-	s is the reportConfigID and is the value of the higher layer parameter maxNrofCSI-ReportConfigurations.
A first CSI report is said to have priority over second CSI report if the associated   value is lower for the first report than for the second report.
Two CSI reports are said to collide if the time occupancy of the physical channels scheduled to carry the CSI reports overlap in at least one OFDM symbol and are transmitted on the same carrier. When a UE is configured to transmit two colliding CSI reports, 
-	if y values are different between the two CSI reports, the following rules apply except for the case when one of the y value is 2 and the other y value is 3 (for CSI reports transmitted on PUSCH, as described in Clause 5.2.3; for CSI reports transmitted on PUCCH, as described in Clause 5.2.4): 
-	The CSI report with higher   value shall not be sent by the UE.
-	otherwise, the two CSI reports are multiplexed or either is dropped based on the priority values, as described in Clause 9.2.5.2 in [6, TS 38.213].

Text proposal for Approach 2:
Priority rules for CSI reports
CSI reports are associated with a priority value  where
- p: the physical layer index, “0” for the high physical layer priority, “1” for the low physical layer priority	




- for aperiodic CSI reports to be carried on PUSCH or PUCCH,  for semi-persistent CSI reports to be carried on PUSCH,  for semi-persistent CSI reports to be carried on PUCCH and  for periodic CSI reports to be carried on PUCCH;


-	 for CSI reports carrying L1-RSRP and  for CSI reports not carrying L1-RSRP;
-	c is the serving cell index and  is the value of the higher layer parameter maxNrofServingCells;

-	s is the reportConfigID and is the value of the higher layer parameter maxNrofCSI-ReportConfigurations.
A first CSI report is said to have priority over second CSI report if the associated   value is lower for the first report than for the second report.
Two CSI reports are said to collide if the time occupancy of the physical channels scheduled to carry the CSI reports overlap in at least one OFDM symbol and are transmitted on the same carrier. When a UE is configured to transmit two colliding CSI reports, 
-	if y values are different between the two CSI reports, the following rules apply except for the case when one of the y value is 2 and the other y value is 3 (for CSI reports transmitted on PUSCH, as described in Clause 5.2.3; for CSI reports transmitted on PUCCH, as described in Clause 5.2.4): 
-	The CSI report with higher   value shall not be sent by the UE.
-	otherwise, the two CSI reports are multiplexed or either is dropped based on the priority values, as described in Clause 9.2.5.2 in [6, TS 38.213].
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Wednesday conclusion (amended on Thursday as shown):
For the issue raised in the draft CR R1-1906302, the intended UE behavior per specification is commonly understood
as follows:
e  For UCI multiplexing, within a PUCCH group, on PUSCH, the following two steps are performed with step 1
first, then followed by step 2:
o Step 1: UCI in overlapped PUCCH transmissions is multiplexed into one PUCCH resource (resource
Z) enRE€. This step is done per PUCCH slot.
o Step 2: UCI, that doesn’t include SR, in Z is multiplexed into one PUSCH, if Z overlaps with at least
one PUSCH, following the priorities (sequentially from high to low) as listed below.
=  First priority: PUSCH with A-CSI as long as it overlaps with Z
=  Second priority: earliest PUSCH slot(s) based on the start of the slot(s)
= [If there are still multiple PUSCHs overlap with Z in the earliest PUSCH slot(s), follow the
following priorities (sequentially from high to low)
e  Third priority: Dynamic grant PUSCHs > PUSCHs configured by respective
ConfiguredGrantConfig or semiPersistentOnPUSCHconfigured grant PUSCHs
e  Fourth priority: PUSCHs on €& serving cell with smaller €& serving cell index >
PUSCHs on €€ serving cell with larger €€ serving cell index
o  Fifth priority: Earlier PUSCH transmission > later PUSCH transmission
Note: The clarification applies to both cases with the same (except the second priority part) and different numerologies
among PUCCH and PUSCHs.
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