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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#90bis, following agreements were made on UCI piggyback on PUSCH [1].
Agreements:
· For grant based UL transmission, use DAI based mechanism similar to LTE to indicate UE the number of ACK bits for ACK piggyback on PUSCH.
· FFS details of DAI mechanism
· FFS: how to enhance DAI mechanism to support CBG based transmission
Agreements:
· Regarding handling the possibility of DL assignments later than UL grant, to down-select between:
· Alt 1: Limit to up to X ACK bits for later DL assignments. ACK bits for later DL assignments puncture PUSCH
· X=2 for slot-based scheduling
· FFS X for non-slot based scheduling
· Alt 2: Uplink grant indicates number of ACK/NACK bits including past and estimated future DL assignments. UE computes ACK/NACK resources based on indicated number of ACK/NACK bits
· FFS other details
· If no consensus can be achieved by the end of this week, the following will be agreed:
· In Rel-15, do not support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH
Agreements:
· For ACK piggybacked on PUSCH, map ACK to distributed REs across PUSCH allocated RBs
· Details FFS
Agreements: (Email approval)
· When HARQ-ACK piggyback on PUSCH, the same rule is applied to map encoded HARQ-ACK bits to HARQ-ACK REs, regardless of HARQ-ACK puncture or rate match PUSCH.
· HARQ-ACK avoids puncturing PT-RS.
· Down select to one from the following two alternatives
· Map HARQ-ACK to REs around DMRS symbol(s)
· Map HARQ-ACK to REs across as many symbols within PUSCH (excluding DMRS symbol) as possible in both frequency hops if applicable.

Agreements:
· For CSI piggybacked on PUSCH, map CSI to distributed REs across PUSCH allocated RBs
· Details FFS
Agreements:
· For CSI piggybacked on PUSCH, support splitting CSI mapping (at least for some CSI) into two parts, where the two parts are mapped differently
· FFS details (e.g., grouping of different CSI types and map them into different REs, which types of CSI, etc.)
· FFS impact of frequency hopping (if any)
Agreements:
· If freq hop is disabled for PUSCH, CSI piggybacked on PUSCH follows freq first mapping rule
· FFS details
· FFS the case when hopping is enabled

Agreements:
· For dynamically scheduled PUSCH transmission, a plurality sets of beta_offset values can be configured by RRC signalling, and PDCCH can dynamically indicate an index to a set.
· Each set contains a plurality of entries, each corresponding a respective UCI type (including two-part CSI when applicable)
· FFS the case when the index is not present in DCI
· The beta-offset is used to compute the amount of REs for each respective UCI on PUSCH similar to LTE
· The set of beta-offset values for each respective UCI use the respective set of values as in LTE as a baseline
· The values are subject to refinement especially taking into account different UL waveforms, differen UCI multiplexing mechanisms (puncturing vs. rate matching), etc.
· FFS impact of UL MIMO
· The number of sets of beta-offset values is to be down-selected between 2 or 4
· Implying 1 or 2 bits in DCI respectively
Agreements: (Email approval)
· Three Beta_offset values are defined as one set, when HARQ-ACK piggyback on PUSCH.
· Three values are corresponding to the following cases:
· The number of HARQ-ACK bits OACK≤2
· The number of HARQ-ACK bits falls into [3]≤ OACK ≤[11]
· The number of HARQ-ACK bits OACK >[11]
Agreements: (Email approval)
· Four Beta_offset values are defined for CSI as one set, when CSI piggyback on PUSCH.
· Four values are corresponding to the following cases:
· Regardless CSI type 1 or 2, the number of bits for CSI part 1 OCSI_part1≤[11]
· Regardless CSI type 1 or 2, the number of bits for CSI part 1 OCSI_part1>[11]
· Regardless CSI type 1 or 2, the number of bits for CSI part 2 OCSI_part2≤[11]
· Regardless CSI type 1 or 2, the number of bits for CSI part 2 OCSI_part2>[11]
Note: According to R1-1715288 and R1-1716901, CSI is always split into CSI part 1 and CSI part 2 when piggyback on PUSCH. (With CSI type 1, CSI part 2 does not exist when there is no PMI and with rank up to 4)
Agreements: (Email approval)
· Semi-static Beta_offset indication is always applied with fallback DCI for UL assignment.
· The Beta_offset values with semi-static Beta_offset indication could be different from with dynamic Beta_offset indication.
Agreements: (Email approval)
· Semi-static Beta-offset indication is the default configuration for non-fall back DCI for UL assignment.
· The same sets of Beta_offset with fallback DCI are reused for HARQ-ACK and CSI respectively.
Agreements: (Email approval)
· If the UE is configured with dynamic Beta_offset and with non-fallback DCI for UL assignment, 4 sets of Beta_offset values are configured for HARQ-ACK and CSI respectively.
· FFS: how to select one out of 4 sets of Beta_offset values
· Alt1: 2 bits in the non-fallback DCI to indicate one out of 4 sets of Beta_offset values
· Alt2: Implicit method to select one set of Beta_offset values based on other parameters signaled in DCI, e.g., MCS and/or rank of PUSCH.
Agreements: (Email approval)
· 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.

This contribution discusses further details of RE mapping for UCI piggyback on PUSCH in Section 2. Section 3 discusses UCI and data multiplexing.
Note: this contribution is revised from R1-1718259 [2].
UCI piggyback on PUSCH
Consideration of transient time on mapping of UCI to PUSCH 
According to RAN4 LS [3], for frequencies below 6 GHz, UE transient period for NR is 10 µsec.  For frequencies above 24 GHz, UE transient period for NR is 5 µsec. The SCS and transient period relation is summarized in Table1.
Table 1: SCS and transient period relation
	SCS
	Rough symbol time
	The ratio of transient period below 6GHz
	The ratio of transient period above 6GHz

	15 kHz
	71 µsec
	14%
	-

	30 kHz
	35 µsec
	29 %
	-

	60 KHz
	18 µsec
	55%
	28%

	120 KHz
	9 µsec
	-
	55%


When transient period is more than 50% ratio of a symbol, we propose to have explicit symbol for transient time. When 30% or lower ratio the OFDM symbol is occupied by transient time, we propose not to have explicit symbol for transient time but the symbol partially occupied by transient time should be used for data instead of UCI or DMRS. The location of transient period can be defined out of the OFDM symbol. When the previous symbol is short PUCCH or SRS, some part of PUSCH may be used for the transient time. In case of DL/UL switching, the transient time could be realized within guard time.
Proposal 1: For 60 kHz SCS with below 6 GHz and 120 kHz with above 24 GHz, to have explicit transient symbol. 
Proposal 2: For other than 60 kHz SCS with below 6 GHz and 120 kHz with above 24 GHz, not to have explicit transient symbol but the symbol contain transient should be used for data and not used for UCI or DMRS. 

UCI resource mapping principles
In case of puncturing, when UCI is mapped around DMRS, it has the issue if only limited codeblocks are punctured. Therefore, considering frequency-first mapping agreement, HARQ-ACK bits should be distributed over symbols to equalize the impact to different codeblocks. In addition, based on the agreements, HARQ-ACK should be mapped to distributed REs across PUSCH allocated RBs. Therefore, diagonal mapping as shown in Fig.1 is a natural choice to realize distribution in both symbol and frequency domains. 
Based on the agreement, same mapping rule is applied to map encoded HARQ-ACK bits to HARQ-ACK REs, regardless of HARQ-ACK puncture or rate match PUSCH. From puncturing point of view discussed above, the mapping distributed over symbols is desirable but, the question is whether the mapping distributed over symbols still works from channel estimation point of view. Our understanding is as follows.
From the channel estimation performance perspective, UCI should be mapped around DMRS. However, as data is mapped frequency first mapping, if channel estimation performance is quite different between earlier symbols and the latter symbols, the codeblocks located in the latter symbols are always poor. In order to address this issue, when channel estimation is not sufficient for latter part of the slot, additional DMRS always needs to be configured. Therefore, we think the mapping distributed over symbols can work even for rate-matching case.
If there is additional DMRS in the later symbols, same mapping as that front-loaded DMRS is still expected to simplify the UCI mapping design. We envisage two candidates: 1) Single diagonal mapping manner as shown in Fig.1 and 2) two times diagonal mapping manner as shown in Fig.2. In case of first candidate, the frequency diversity within a hop is limited to half bandwidth if frequency hopping is enabled. On the other hand, second candidate allows each hop has full diversity within a hop. However, as the frequency hopping gain is limited to only narrow resource assignment in one hop, overall performance difference between one diagonal mapping manner may be quite small. Then, either mapping manner is applicable to us but from simplification point of view, the same mapping manner should be applied between front-loaded DMRS and additional DMRS(s). Also, same mapping rule is applied between frequency hopping case and no frequency hopping case.
In case of multiple layers, CSI is mapped to 1 or 2 best layers and RI/HARQ-ACK is mapped to all layers to realize spatial diversity in LTE. In NR, PT-RS is supported in order to compensate CPE especially for higher frequency band. Resource mapping of UCI should also take into account the presence of PT-RS and collision between PT-RS and UCI mapping. Based on the agreement, UCI should not collide with PT-RS (or any of RS). If PT-RS port is mapped to 1 best layer, UCI is mapped to the same layer with PT-RS would obtain better performance in terms of CPE compensation.
Proposal 3: Same mapping rule on UCI is applied between front-loaded DMRS and addition DMRS.
Proposal 4: Same mapping rule on UCI is applied between frequency hopping case and no frequency hopping case.
Proposal 5: Single diagonal mapping or two times diagonal mapping is applied to UCI resource mapping. DMRS REs are excluded for the mapping to avoid the collision.
Proposal 6: UCI is transmitted in the layer transmitting PT-RS.

[image: ] [image: ] 
Fig.1 Single diagonal mapping manner
[image: ] [image: ]
Fig.2 Two times diagonal mapping manner
On CSI piggybacked on PUSCH, following mapping rule when frequency hopping is enabled was discussed in the previous meeting.
· Alt.1: Map CSI in the first hop
· Alt.2: Map CSI type 1 in the first hop, and map CSI type 2 in the second hop
· Alt.3: Both CSI type 1 and type 2 can be mapped in both the first hop and second hop.
Alt.1 has benefit to decode CSI with less latency. On the other hand, frequency diversity gain by hopping cannot be obtained. Alt.2 has benefit to decode CSI type 1 with less latency. Assuming different encoding between type 1 and type 2, frequency diversity gain by hopping would not be obtained. Alt.3 has benefit of frequency diversity. The demerit is latency of CSI decoding. CSI type 1 contains RI and other information and then, based on CSI type 1 decoding, the size of CSI type 2 is known. Therefore, CSI type 1 needs to be decoded first might be beneficial. On the other hand, the reliability for CSI type 1 is also important for CSI type 2 decoding. In addition, the size of CSI type 1 and CSI type 2 may be different. If CSI type 2 contents are larger than CSI type 1 contents, the hop to contain CSI type 2 is largely occupied by UCI. Based on above observation, we propose following.
Proposal 7: On CSI piggybacked on PUSCH, map CSI type 1 first and CSI type 2 later. FFS whether hop boundary alignment of CSI type 1 and CSI type 2.

[bookmark: _GoBack]UCI and data multiplexing
Multiplexing between data and UL control channel in short duration
The time/frequency resource for short PUCCH and SRS, and not used by UL data should be defined as UL control reserved resource. Our view is UL control reserved resource is signalled by rate matching mechanism (or reserved resource mechanism) or by time domain information of PUSCH [4]. Regardless of which scheme,  the table that is UE-specifically configured via RRC can be used. Each entry in the table has a bit map of RBs and a bitmap of OFDM symbols. The index of the table is signalled by UE specific DCI in UL assignment or group common DCI. By such configuration, any pattern of UL reserved resource can be signalled. This aspect should be discussed in agenda item 7.3.5.

Conclusion
In this contribution, we discussed UCI multiplexing aspects. We have following proposals:
Proposal 1: For 60 kHz SCS with below 6 GHz and 120 kHz with above 24 GHz, to have explicit transient symbol. 
Proposal 2: For other than 60 kHz SCS with below 6 GHz and 120 kHz with above 24 GHz, not to have explicit transient symbol but the symbol contain transient should be used for data and not used for UCI or DMRS. 
Proposal 3: Same mapping rule on UCI is applied between front-loaded DMRS and addition DMRS.
Proposal 4: Same mapping rule on UCI is applied between frequency hopping case and no frequency hopping case.
Proposal 5: Single diagonal mapping or two times diagonal mapping is applied to UCI resource mapping. DMRS REs are excluded for the mapping to avoid the collision.
Proposal 6: UCI is transmitted in the layer transmitting PT-RS.
Proposal 7: On CSI piggybacked on PUSCH, map CSI type 1 first and CSI type 2 later. FFS whether hop boundary alignment of CSI type 1 and CSI type 2.
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