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1 Introduction
At the last RAN1 meeting, the following agreement and conclusions were made [1]: 
Agreements:
· Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.
Conclusion:
For supporting multiple PUCCHs for HARQ-ACK within a slot, companies are encouraged to provide following details when proposing a solution:
· How to separate HARQ-ACK multiplexing windows for different PUCCHs?
· How to indicate the starting symbol of different PUCCHs?
· How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?
· How to determine dynamic HARQ codebook?
· How to determine semi-static HARQ-ACK codebook?
· How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?
· How to determine PUCCH resource for each PUCCH?
· How to do PUCCH resource overriding for HARQ-ACK multiplexing?
· Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot?

In this contribution, we discuss further details on UCI enhancements in Rel-16 eURLLC.
2 [bookmark: _Ref535000493]Support of multiple PUCCHs with HARQ-ACK in a slot
In this section, we share our views on various questions raised as part of the conclusions at RAN1 #95 meeting.
Max number of PUCCH transmission for HARQ-ACK allowed in a slot
The maximum number of PUCCH transmissions with HARQ-ACK feedback that may be allowed in a slot can be specified. Considering the minimum granularity of PDSCH scheduling, a maximum of seven PUCCH transmissions in a slot may be considered. However, it should be noted as described below (in the context of K1-value indication) that increasing numbers of occasions within a slot, while keeping the existing number of code-points for K1-value indication implies shorter overall multiplexing windows as a natural trade-off. 
A UE configured with multiple PUCCH occasions within a slot can be configured with the maximum value ‘N’, according to which N PUCCH occasions can be used to determine the HARQ-ACK codebook if needed, e.g., for semi-static codebook. For instance, N can be from the set {1, 2, 4, 7}.
Further, it would be beneficial to define the number of PUCCH occasions in a slot as a function of the SCS of the UL BWP in which the PUCCH is to be transmitted to realize a meaningful tradeoff between achievable latency and UE and gNB complexity arising from a large number of PUCCH occasions within a short duration of a slot with larger SCS choices. 
Separation of HARQ-ACK multiplexing windows for different PUCCHs
For a scheduled PDSCH, the UE would need to know in which PUCCH the corresponding HARQ-ACK bit(s) are to be transmitted. In Rel-15, all multiplexing windows are defined using slot-level granularity. With multiple PUCCH occasions with HARQ-ACK, such an approach may not be feasible in realizing the benefit of the new feature as the UE needs to be indicated if HARQ-ACK feedback corresponding to a particular PDSCH is to be transmitted in an earlier of multiple PUCCH occasions within a slot.
Towards this, the simplest option is that, for both semi-static and dynamic HARQ-ACK codebooks, once configured with multiple PUCCH w/ HARQ-ACK feedback in a slot, the UE derives the PUCCH resource based on the PUCCH resource indicator (PRI) indicated in the DCI in each detected PDCCH and starting CCE index of the detected PDCCH in each PDCCH monitoring occasion. In other words, UE does not follow the last DCI to derive the PUCCH resource for HARQ-ACK feedback. Further, the UE can determine the corresponding PUCCH resource in slot ‘n’ for a PDCCH reception at least based on the value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1 on the said PDCCH and different PRI values may be encoded in different DL assignments even if they are associated with a same UL slot for HARQ-ACK feedback.
Thus, there is no certain need to introduce explicit and separate indication to separate HARQ-ACK codebooks across traffic with different priorities.
Indication of starting symbol of different PUCCHs
The starting symbol of PUCCH is determined currently based on the PUCCH resource configuration and the indicated PRI value in the DCI that is used to determine the PUCCH resource. As discussed in the context of indication of K1-values, the starting symbol of the PUCCH can be determined w.r.t. the boundaries of the PUCCH occasions considering that K1 may be indicated with a minimum granularity of sub-slots (half-slots, ‘x’ symbol, etc.). 

Indication of K1 value
As mentioned above, the time domain PUCCH resource indication can be defined based on a combination of indication of the K1 slot offsets (as indicated in the scheduling DCI format or by higher layers) and PUCCH starting symbols (via PUCCH resource indicator in the scheduling DCI). The starting symbol of a PUCCH resource, may be interpreted jointly with K1, where K1 should be reinterpreted to indicate the PDSCH-end to the HARQ-ACK-start timing offset using a combination of slots and sub-slots, instead of slot-level K1-indication only.
Thus, once configured with multiple PUCCH w/ HARQ-ACK feedback in a slot, the UE determines K1 based on a combination of slot- and sub-level level offsets. Accordingly, a straightforward approach is to now consider K1 in units of sub-slots and accordingly, the startingSymbolIndex parameter can be interpreted with respect to the sub-slot boundary as against the slot boundary with the value of the starting symbol by translating the “slot-level” startingSymbolIndex to a sub-slot-level value (such that the max value does not exceed a sub-slot duration).
One down-side of this approach is that the overall range of the PDSCH-to-HARQ-ACK timing offset is reduced as the K1 granularity is reduced. Towards mitigating this, the K1-value may be encoded such that it can indicate a combination of slot and sub-slot-level granularities. 
For instance, consider the case of two sub-slots within a slot. Then, the PDSCH-to-HARQ-timing-indicator field in the DCI format (of length N bits) is interpreted such that the last (N-1) least significant bit(s) (LSBs) of the DCI bit-field indicate one of 2(N-1) values in units of slots as configured in the first 2(N-1) values provided by higher layer parameter dl-DataToUL-ACK, and the MSB (1 bit) of the PDSCH-to-HARQ-timing-indicator field in the DCI format is used to indicate an additional half-slot offset or a symbol group, where the number of symbols within the symbol group can be predefined in the specification or configured by higher layers. Thus, for the half-slot offset indication, a ‘0’ indicates that the timing offset is in terms of an integer number of slots from PDSCH-end, while a ‘1’ indicates that the timing offset is in terms of an integer number of slots from the PDSCH-end plus another half-slot. Further, when an additional half-slot offset is indicated, then the UE interprets the starting symbol for the indicated PUCCH resource with respect to symbol index #7 of the corresponding slot.
An advantage of this mechanism is that the grouping of HARQ-ACK feedback to multiple PUCCH resources within a slot is realized by indicating this information using part of the slot offset indication instead of using additional DCI bits or alternative mechanisms like partitioning of PUCCH resource sets, etc. 
Determination of dynamic HARQ-ACK codebook
Determination of dynamic HARQ-ACK codebook can follow Rel-15 principles with the codebook construction based on multiple PUCCH occasions on a sub-slot level within as lot instead of a single PUCCH occasion per slot.

Determination of semi-static HARQ-ACK codebook
For semi-static HARQ-ACK codebook construction, Rel-15 specifies that the UE maps the set of candidate PDSCH occasions based on the configured set of K1-values (via higher layer parameter dl-DataToUL-ACK) that map to a particular UL slot with the PUCCH transmission. 
Now, to address multiple PUCCH occasions in a slot, it has been suggested to apply a sub-slot-level granularity to the codebook construction, implying that in the DL as well, different PDSCH occasions are identified at a sub-slot level with mapping via K1-value (with granularity of sub-slots) to particular PUCCH occasions. This approach can be seen as a reasonable extension of Rl-15 design. Furthermore, if DL SPS with sub-slot-level periodicities are introduced, then such a sub-slot-based codebook construction of the semi-static HARQ-ACK codebook can be beneficial in offering a unified solution towards accommodating the case of multiple SPS PDSCH occasions within a slot. 

Configuration of PUCCH resource sets and determination of PUCCH resource for each PUCCH
Configuration of PUCCH resource sets can follow Rel-15 mechanism with the adaptation of the PUCCH starting symbol to sub-slot boundaries based on indication of the corresponding K1-value when determining particular PUCCH resources within a slot as described above in context of K1-value determination. 
PUCCH resource overriding for HARQ-ACK multiplexing
First, we note that for semi-static HARQ-ACK codebook, since the codebook size is fixed, it should be possible to determine the accurate PUCCH resource in all the DL assignments that are multiplexed in a HARQ-ACK codebook. 
Next, for dynamic codebook, with multiple PUCCH occasions in a slot, there would be much reduced demands on the range of the number of HARQ-ACK bits that may need to be multiplexed, and accordingly, even if UE follows the indication of the PUCCH resource in the corresponding DCI instead of the last DCI for the PUCCH occasion (as described in the context of “separation of HARQ-ACK multiplexing windows”), there would not be a significant flexibility loss if PUCCH resource overriding is not available. In other words, not having the provision of PUCCH resource overriding in case the UE is configured with sub-slot-level PUCCH occasions would not lead to significant scheduling restriction. 

Enhancements to UCI multiplexing with multiple PUCCH with HARQ-ACK transmissions within a slot
In NR Rel-15, two short PUCCHs, as well as one short and one long PUCCH can be multiplexed in a TDM manner in a slot. With allowing multiple HARQ-ACK feedbacks within a slot, when there are overlaps between PUCCH(s) carrying HARQ-ACK with other PUCCH(s) or PUSCH(s), certain dropping and/or priority rules may need to be defined (see Figure 1). For example, more than two PUCCHs, long PUCCH and long PUCCH, or PUSCH and PUCCH carrying HARQ-ACK feedback, etc., may be scheduled in a slot and such rules, enable more flexibility to support multiple HARQ feedbacks within a slot.
Further, it is possible that multiple HARQ-ACKs are multiplexed in one PUCCH resource determined based on the PUCCH resources for carrying the corresponding HARQ-ACK feedbacks, or based on the PUCCH resource indicator(s) included in DCI(s) scheduling the PDSCH(s) with the corresponding HARQ-ACK feedbacks being scheduled in the same slot.





[bookmark: _Ref523991867]Figure 1. Multiple PUCCHs with HARQ-ACK feedback overlapping with P/SP-CSI reports on PUCCH: different multiplexing options
3 [bookmark: _Ref535000486]CSI feedback enhancements
DL URLLC transmission may be bursty and sporadic, and the periodic CSI report may not track the channel variation well to adjust the scheduling parameters in order to achieve target reliability within a given latency bound. If up-to-date CSI feedback is not available, the gNB has to schedule the DL transmission conservatively, e.g., in terms of the allocated resources, MCS level, MIMO mode, transmission power, to meet the requirements. Aperiodic CSI (A-CSI) can then be triggered to obtain CSI feedback in a more efficient and on-demand basis. 
Existing mechanisms to trigger A-CSI on PUSCH include CSI request trigger in UL grant, in particular in DCI format 0_1.  However, users may often have no uplink data in some cases, and gNB has to transmit an UL grant to exclusively trigger an A-CSI report on PUSCH without data. 
On the other hand, DL grant may be considered to trigger A-CSI request, however it may not be quite beneficial in most typical scenarios. Further considerations for the case when the A-CSI report is expected to be transmitted along with HARQ-ACK feedback for the scheduled PDSCH using PUCCH resources are discussed in [3]. As highlighted in [3], the benefits from such approaches remain unclear in real deployments. Using a full-blown UL or DL grant to trigger A-CSI every time may not be efficient even from a PDCCH OH perspective, and may cause large control overhead and consequently, higher chance of PDCCH blocking, depending on load in the system. 
As an alternative, group-common control signaling with UE specific fields may be exploited for A-CSI trigger, which can be used as a complementary tool along with UL grant to trigger A-CSI when needed and may result in less overhead. In Rel-15, it has been discussed that A-CSI report can be transmitted in short PUCCH for fast acquisition of CSI feedback. But A-CSI triggering solution was not completed. 
Proposal 1: 
· Consider group-common control signaling for triggering of A-CSI for CSI reporting using short PUCCH formats. 
4 Conclusions
In this contribution, we discussed details to realize UCI enhancements for Rel-16 eURLLC. 
In Section 2, we presented our views on various details to enable support of multiple PUCCH occasions in a slot.
[bookmark: _GoBack]In Section 3, we presented our views on potential CSI feedback enhancements that is summarized as the following proposal 
Proposal 1: 
· Consider group-common control signaling for triggering of A-CSI for CSI reporting using short PUCCH formats. 
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