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Introduction

In previous meetings, agreements related to PUCCH and UCI multiplexing has been achieved [1] while some remaining points are still need to be discussed. This contribution includes two parts, CR on PUCCH and minimum code rate for UCI only on PUSCH.
CR on NR PUCCH

CR on 38.213(v15.3.0) 9.1.2

In the pseudo-code for semi-static HARQ-ACK codebook determination in section 9.1.2 , an variable ’C(R)’ is used as below. According to the purpose of this episode, we can infer that ‘C(R)’ will keep as a constant variable within the ‘while 
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’ loop even some elements of R are deleted in the ‘while 
[image: image2.wmf](

)

R

r

C

<

’ loop. And ‘C(R)’ will be updated after jumping out a ‘while 
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	For the set of slot timing values 
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 occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. 
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if slot 
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 is same as or after a slot for an active DL BWP change on serving cell 
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if the UE is provided higher layer parameter TDD-UL-DL-ConfigurationCommon,  or higher layer parameter TDD-UL-DL-ConfigDedicated and, for each slot from slot 
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If the UE does not indicate a capability to receive more than one unicast PDSCH per slot and 
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The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot;

else 
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By contrast, in the pseudo-code for PUCCH multiplexing in section 9.2.5, the ‘C(Q)’ for the cardinality of PUCCH channel set Q is a function of set Q and will change automatically when the number of elements of Q is changed. To avoid misunderstanding, at least some illustration is needed in the pseudo-code to clearly state that ‘C(R)’ is constant in the ‘While loop’
Based on the above analysis, comments for pseudo-code need to be added as follows:

9.1.2
Type-1 HARQ-ACK codebook determination
< Unchanged parts are omitted >
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  //the C(R) should be a constant within the “while r<C(R)” regardless of the deletion of R
if the UE is provided higher layer parameter TDD-UL-DL-ConfigurationCommon,  or higher layer parameter TDD-UL-DL-ConfigDedicated and, for each slot from slot 
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If the UE does not indicate a capability to receive more than one unicast PDSCH per slot and 
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The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot;
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 // the C(R) should be a constant within this “while r<C(R)” and should be updated after jumping out of this “while r<C(R)”
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< Unchanged parts are omitted >

CR on 38.213(v15.3.0) 9.2.3

In section 9.2.3, “last DCI” is defined to indicate the finally transmitted PUCCH channel resource as below, 

	For a PUCCH transmission with HARQ-ACK information, a UE determines a PUCCH resource after determining a set of PUCCH resources for 
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 HARQ-ACK information bits, as described in Subclause 9.2.1. The PUCCH resource determination is based on a PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1, among the DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, that the UE detects and for which the UE transmits corresponding HARQ-ACK information in the PUCCH where, for PUCCH resource determination, detected DCI formats are first indexed in an ascending order across serving cells indexes and are then indexed in an ascending order across PDCCH monitoring occasion indexes. 


The above definition has an implicit assumption that only one DCI containing a PUCCH resource indicator field can be detected in one PDCCH monitoring occasion, but in fact the current specification in section 10.1 allows more than one DCI scheduling PDSCH in one PDCCH monitoring occasion, as shown below,
	For a serving cell and at any time, a UE expects to have received at most 16 PDCCHs with DCI formats scheduling 16 PDSCH receptions for which the UE has not received any corresponding PDSCH symbol and at most 16 PDCCHs with DCI formats scheduling 16 PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol. 


Thus the above definition for “last DCI” may cause ambiguity if there are two or more DCIs containing a PUCCH resource indicator field for one UE in one PDCCH monitoring occasion. So the order of multiple DCIs containing a PUCCH resource indicator field for one UE in one PDCCH monitoring occasion should be defined.

On the other hand, even there is only one DCI containing a PUCCH resource indicator field for one UE in one PDCCH monitoring occasion, the above definition seems problematic in other situations. Let’s see the Fig.1-a below. According to the definition, PDCCH monitoring occasion 3 on CC1will be the last DCI. 

In Fig. 1-b, if DCIs are first indexed in an ascending order across serving cells indexes and are then indexed in an ascending order across PDCCH monitoring occasion indexes, PDCCH monitoring occasion 3 on CC1 will be the last DCI. But in fact it is more reasonable to take PDCCH monitoring occasion 7 on CC0 as the last DCI, because when scheduling DCI on PDCCH monitoring occasion 3 on CC1, gNB may have no idea that a new DCI/PDSCH will be scheduled in PDCCH monitoring occasion 7 on CC0. Thus, the HARQ-ACK resource assigned by DCI in PDCCH monitoring occasion 3 on CC1 may not suitable for HARQ-ACK transmission for all the PDSCHs.

Other problematic case may happen when you don’t have real latest DCI for the highest CC index at all, due to different SCSs in CCs.
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Fig. 1-a
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Fig. 1-b
A proper modification can be “…… detected DCI formats are first indexed in an ascending order across starting time of PDCCH monitoring occasions, then indexed in an ascending order across serving cells indexes and then indexed in an ascending order across starting CCE indexes.” 
Proposal 1: Definition for“last DCI”should be clarified and modified to allow the situation when multiple DCIs containing a PUCCH resource indicator field in one PDCCH monitoring occasion.

CR on 38.213(v15.3.0) 9.2.5

Multiplexing rules for SPS HARQ-ACK/SR overlapping with two CSI reports are defined in section 9.2.5 as below. HARQ-ACK/SR is multiplexed to CSI with higher priority. But it only provides rules for UE not configured with multi-CSI-PUCCH-resource. To complete specification, multiplexing rules for the same scenario when multi-CSI-PUCCH-resource is configured should also be defined

	If the UE is not provided higher layer parameter multi-CSI-PUCCH-ResourceList, and a resource for a PUCCH transmission with HARQ-ACK information in response to SPS PDSCH reception and/or a resource for a PUCCH associated with a SR occasion overlap in time with two resources for respective PUCCH transmissions with periodic/semi-persistent CSI reports, the UE multiplexes the HARQ-ACK information and/or the SR in the resource for the PUCCH transmission with the periodic/semi-persistent CSI report having the higher priority and the UE does not transmit the PUCCH with the periodic/semi-persistent CSI report having the lower priority and, if HARQ-ACK information is multiplexed, the UE expects that the above timing conditions are satisfied. 


Proposal 2: multiplexing rules for SPS HARQ-ACK/SR overlapping with two CSI reports when multi-CSI-PUCCH-resource is configured should also be defined.

CR on 38213(v15.3.0) 9.2.5

Based on the discussion in #93 meeting, we think it is common understanding that UCI multiplexing has the following order,
Step 1: CSI multiplexing and at most two PUCCHs for CSI are selected.
Step 2: HARQ-ACK/SR and CSI multiplexing on PUCCH.
Step 3: UCI multiplexing on PUSCH.
But in current specification section 9.2.5, there is no obvious indication that CSI multiplexing should be done before HARQ-ACK/SR/CSI multiplexing. The paragraphs describing CSI multiplexing rules do appear prior to the pseudo code for step 2. But it seems not a strong indicator that CSI multiplexing should be prior to step 2.

Proposal 3: Explicit describing of UCI multiplexing orders should be needed in specification.

CR on 38213(v15.3.0) 9.2.5
In current dynamic HARQ-ACK codebook determination, if HARQ-ACK bits are transmitted in PUCCH channel, the number of HARQ-ACK bits will be determined by the last DL DAI in the DCI corresponding to the HARQ-ACK PUCCH. If HARQ-ACK bits are transmitted in PUSCH, the number of HARQ-ACK bits will be determined by the UL DAI in the UL grant DCI corresponding to the PUSCH.

Imagine a scenario that multiple PUCCH channels including a HARQ-ACK do not overlap with PUSCH before PUCCH multiplexing but overlap with PUSCH after PUCCH multiplexing, there exists an ambiguity in dynamic HARQ-ACK codebook determination. Whether to determine the HARQ-ACK codebook size by the last DL DAI in the DCI corresponding to the HARQ-ACK PUCCH, or by the UL DAI in the UL grant DCI corresponding to the PUSCH?

We think it is more reasonable to determine the HARQ-ACK codebook size by the UL DAI in the UL grant DCI corresponding to the PUSCH, since it can save the trouble to re-generate HARQ-ACK codebook in case the last DL DAI is missed.

Proposal 4: If multiple PUCCH channels including HARQ-ACK do not overlap with PUSCH before PUCCH multiplexing but overlap with PUSCH after PUCCH multiplexing, the dynamic HARQ-ACK codebook should be determined by UL DAI in the UL grant DCI corresponding to the PUSCH.

Minimum code rate for UCI only on PUSCH
We had the following agreements for UCI multiplexing on R1 #93 meeting.
	Agreements:
For HARQ-ACK, CSI part 1, and CSI part 2 (if exists) transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK, CSI part 1, and CSI part 2 (exists), are determined as follows:
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If CSI part 2 exists,
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SE is the spectrum efficiency which is code rate * modulation order

Note: if HARQ-ACK is up to 2 bits, 
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And in #92b meeting, there is a remaining FFS point for the above agreement:

FFS: UE is not expected to transmit A-CSI on PUSCH without UL-SCH, if the actual coding rate for CSI-part 1 is smaller than T_m for a modulation order m. 

When A-CSI is dropped, HARQ-ACK if exists is transmitted on PUCCH resource.

FFS the value of T_m for each modulation order m


The above remaining FFS point should be solved since it can improve UCI transmission efficiency and avoid unnecessary complexity of UE. In the scenario, small payload size with high modulation order and large RB can happen for CSI-part 1/2 with certain configuration resulting in excessively large
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, UE should treat it as an error case. This rule can also be applied to PUSCH with UL-SCH.
Proposal 5: UE is not expected to transmit A-CSI on PUSCH with or without UL-SCH, if the actual coding rate for CSI-part 1 or CSI-part 2 is smaller than T_m for a modulation order 
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As agreed, the SE is from the MCS table. For example, supposing Table 6.1.4.1-1 in TS 38.214(as shown partly below) is used for PUSCH transmission. There are 7 code rate candidates for 16QAM (i.e.
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Proposal 6: For certain modulation order 
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Table 6.1.4.1-1: MCS index table for PUSCH with transform precoding and 64QAM

	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x 1024

	Spectral

efficiency

	0
	q
	240/ q
	0.2344

	1
	q
	314/ q
	0.3066

	2
	2
	193
	0.3770

	3
	2
	251
	0.4902

	4
	2
	308
	0.6016

	5
	2
	379
	0.7402

	6
	2
	449
	0.8770

	7
	2
	526
	1.0273

	8
	2
	602
	1.1758

	9
	2
	679
	1.3262

	10
	4 
	340
	1.3281

	11
	4
	378
	1.4766

	12
	4
	434
	1.6953

	13
	4
	490
	1.9141

	14
	4
	553
	2.1602

	15
	4
	616
	2.4063

	16
	4
	658
	2.5703


Conclusion

In this contribution, we present our further views on PUCCH and UCI multiplexing. In summary, we have the following proposals for capturing. 

Proposal 1: Definition for“last DCI”should be clarified and modified to allow the situation when multiple DCIs containing a PUCCH resource indicator field in one PDCCH monitoring occasion.

Proposal 2: multiplexing rules for SPS HARQ-ACK/SR overlapping with two CSI reports when multi-CSI-PUCCH-resource is configured should also be defined.

Proposal 3: Explicit describing of UCI multiplexing orders should be needed in specification.

Proposal 4: If multiple PUCCH channels including HARQ-ACK do not overlap with PUSCH before PUCCH multiplexing but overlap with PUSCH after PUCCH multiplexing, the dynamic HARQ-ACK codebook should be determined by UL DAI in the UL grant DCI corresponding to the PUSCH.

Proposal 5: UE is not expected to transmit A-CSI on PUSCH with or without UL-SCH, if the actual coding rate for CSI-part 1 or CSI-part 2 is smaller than T_m for a modulation order 
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Proposal 6: For certain modulation order 
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, T_m can be determined by the lowest data code rate from MCS table for that modulation order.
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