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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN#88e meeting, the revised Rel. 17 NR_IIOT_URLLC_enh WID [1] was approved. One of the objectives in [1] is:
	1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 


This objective includes two items: UE feedback enhancements for HARQ-ACK; and CSI feedback enhancements to allow for more accurate MCS selection.  In this contribution, we present our views on the second item: CSI feedback enhancements to allow for more accurate MCS selection.

Existing problems and motivations for enhancements
One important issue in URLLC is how to select accurate MCS that matches well the actual SINR. This is generally referred to as Link Adaptation, and good link adaptation is critical in order to achieve high spectrum efficiency. If the MCS is high (i.e., aggressive) for the SINR, it is likely to result in a reception failure and a NACK, which may further lead to retransmission or a dropped packet. If, on the other hand, the MCS is low (i.e., conservative) for the SINR, the transmission may be successful, but at that SINR, more bits could have been transmitted successfully. In practice, link adaptation needs to strike a balance between aggressive transmission and conservative transmission, and targets at about 10-20% BLER for initial transmission.
To set MCS properly in link adaptation, three components are generally adopted:
· UE CQI feedback 
· gNB adjustment (due to, e.g., multi-user pairing and precoding change)
· Outer loop link adaptation (OLLA)
OLLA is usually used to drive the HARQ operating point to desirable range of around 10-20% BLER. To have efficient link adaptation, OLLA needs to adapt, on top of CQI feedback, an offset value (denoted as D) to cope with uncertain factors such as UE measurement/estimation error of CQI, channel fading, interference condition, gNB adjustment error, etc. The value range of D can span a few to tens of dB, positive or negative.
Typically, a delta_ACK value (i.e., a step size in OLLA adjustment with ACK) is added to D when an ACK is received and a delta_NACK value (i.e., a step size in OLLA adjustment with NACK) is subtracted from D when a NACK is received. The ratio of delta_ACK to delta_NACK is related to the target BLER. For example, with the target BLER being 10%, the number of ACKs to the number of NACKs should be about 9, i.e., on average 1 out of 10 ACK/NACK reports is an error. Therefore, to reach a stable condition, delta_NACK = 9*delta_ACK. While it does not achieve the best performance, OLLA performs well with such target BLER.
A high-level diagram of link adaptation for setting MCS is shown in Figure 1, in which the UE CQI feedback and OLLA are depicted (gNB adjustment is implicit in the MCS block).

[image: ]
Figure 1: High-level diagram of link adaptation for setting MCS (gNB adjustment is implicit in the MCS block)

The above link adaptation framework generally works well for eMBB traffic. There are a few key problems with URLLC traffic, however:
· With URLLC traffic, OLLA does not work
The targeted error rate for URLLC is usually very low, e.g., 10^-5 or even lower, within a very short transmission window due to low latency requirement which may allow a small number of re-transmissions. Under such a condition, OLLA based on only ACK/NACK feedback will be very inefficient. For example, with the target BLER of 0.00001, delta_NACK should be roughly 100000*delta_ACK. This implies that on average the MCS has to be extremely low most of the time, or delta_ACK needs to be very small and loses its capability to track the channel/interference condition in the system. Either of these renders the OLLA useless.
· Difficult to cope with interference (dynamic and unpredictable)
Interference is arguably the top issue for URLLC, due to its dynamic and unpredictable nature. To contrast, although serving signals/channels are also changing from one TTI to the next, they remain relatively stable within the coherence time, and therefore faster feedback of serving channel status can improve performance. Interference, however, is more volatile and has no “coherence time”, which can be especially detrimental in URLLC and cannot be remedied by faster feedback. The interference issue is exacerbated in URLLC, as the network may have to overprovision for the worst case by low MCS and/or repetitions, but the overprovisioning further leads to unnecessarily low spectrum efficiency and large latency.
Observation: Traditional framework with CQI+A/N feedback is insufficient for setting MCS accurately in URLLC due to the following causes:
· OLLA cannot function properly in URLLC
· It is difficult to cope with unpredictable interference in URLLC.
CSI feedback enhancements
There are a few directions to be considered for CSI feedback enhancements in URLLC:
· UE reports more CSI information, especially interference statistical information and conservative CSI information
Reporting interference statistical information can help the network cope with unpredictable interference. This is because, though interference is unpredictable, interference statistics can be more stable. Hence the network may be able to set the MCS more appropriately when taking into consideration of the reported interference statistics.
The UE may also report conservative CSI information, such as lowest CQI over a set of time/frequency resources. Such information can also help the network set MCS appropriately and not overly conservatively.
· UE reports “cooperative CSI” corresponding to network cooperative transmission
Interference is unpredictable in general, but dominant interference may be controlled via network cooperative transmission within a CoMP region. Thus “cooperative CSI” can help set the MCS more accurately if the network adopts the cooperative transmission corresponding to the “cooperative CSI”.
· UE feedback procedure enhancement, such as faster feedback
These directions will be discussed in detail below.
More CSI: interference statistical information and conservative CSI information 
Reporting interference statistical information
As observed above, traditional CSI feedback and link adaptation are insufficient for coping with volatile and unpredictable interference. This motivates to feedback separate information/statistics for channel and interference, for example, SNR and interference-to-noise ratio (INR). The reported INR may be measured on interference measurement resource (IMR) and/or channel measurement resource (CMR). 
Although interference measurement is already supported in existing standards, there is no separate reporting for interference. In order to support interference reporting (e.g., INR reporting), new approaches may be needed:
· UE is further configured with noise (or residual interference plus noise) measurement resource (NMR)
The UE is already configured with CMR and IMR. With NMR, the UE can derive and report SNR (based on CMR and NMR) and INR (based on IMR and NMR). On the NMR, the UE assumes no transmission of signal or interference (except possibly for residual interference).
· UE is further configured with a reporting configuration in which “CMR” corresponds to interference
In other words, the reported CQI actually corresponds to INR, but this can be transparent to UE.
For this reporting configuration, the noise (or residual interference) may be measured on NMR, or on a ZP CSI-RS configured for interference measurement (or CSI-IM as in the standards).
The “CMR” may be a NZP CSI-RS resource on which the UE assumes each NZP port corresponds to one transmission layer, and the derived report reflects the dominant interference to noise ratio. However, if no IMR is configured for this “CMR”, the UE assumes each NZP port corresponds to one transmission layer of “signal” and other interference (residual interference plus noise) is also present on the resource, and the derived report reflects the dominant interference to residual interference ratio.
[bookmark: _GoBack]The “CMR” may also be a ZP CSI-RS resource or NZP CSI-RS on which the UE assumes all signals are present, including the NZP signals, and the derived report reflects the total interference to noise ratio.  
Next, we consider in which meaningful form the interference measurement (e.g., INR) should be reported. The high volatility of interference may render reporting of instantaneous interference value meaningless. However, it is worth pointing out that although interference values vary significantly, interference statistics can be more robust over time and can be useful for the network to utilize in link adaptation. For example, if the UE reports that 95% of the INR samples are below 20 dB, i.e., the 95%ile INR CDF is 20 dB, then the gNB knows that there is only 5% chance that the interference will go beyond 20 dB, and it can decide how aggressive it can be in setting the MCS, accounting for the URLLC requirements and traffic load. For another example, the UE may report the INR maximum value over time is 20 dB, then the gNB knows that when setting the MCS, assuming 20 dB interference is most likely to have sufficient margin and the transmission is most likely to be successful. 
Interference statistics may include the standard deviation / variance, maximum, minimum, 25%ile, 50%ile, 75%ile, x%ile, confidence interval, etc., of the instantaneous interference measurement values. These statistics may be reported periodically by URLLC UEs. 
Exactly how the network may utilize the reported information does not need to be specified in standards but can be done in implementation, such as according to the examples given above. Also note that the network may need to take into account the time stamps of the report during link adaptation, e.g., when the reported information ages over time, the gNB should weigh its reliability less, and may need to apply more margin over time.
Conservative CSI reporting
The UE may report conservative CSI information so that the network can set conservative MCS with a certain margin. For example, in addition to regular CQI report (say, 20 dB), the UE may report the lowest CQI over a set of time resources and/or a set of frequency resources (say, 15 dB). Then the network may select MCS corresponding to 10~15 dB but not more conservative. The time resource information or the PRB/subband information associated with the lowest CQI can also be reported, e.g., the lowest CQI of 15 dB was seen 20 ms ago on PRBs #5~#9. Likewise, the UE may report the lowest channel measurement (e.g., SNR) over a set of time resources and/or a set of frequency resources, and the UE may report the highest interference measurement (e.g., INR) over a set of time resources and/or a set of frequency resources, together with the information of the time/frequency resource on which the worst case was observed.
Proposal 1: Support CSI feedback enhancements to allow for more accurate MCS selection via
· Separate CSI reporting of signal/channel information and interference information
· The report of interference information includes at least INR, frequency selective interference information, and interference statistics, e.g., max, min, standard deviation, x%ile
Cooperative CSI 
Although interference is generally not predictable, interference may be controllable via, e.g., network coordination/cooperation, which may be very useful for URLLC link adaptation. Cooperative TRPs can configure a UE to measure and report CSI in which the CSI may be associated to a certain transmission hypothesis/scheme (some TRPs are serving the UE while some other TRPs are interfering). Then when URLLC traffic arrives for the UE, the cooperative TRPs adopt the same transmission hypothesis/scheme for the PDSCH of the UE. Since the PDSCH transmission hypothesis/scheme matches that of the CSI measurement and reporting, the URLLC link adaptation can be determined by the gNB with sufficient accuracy based on the reported CSI. This approach per se does not have standard impact and can already be done in implementation.

However, to make the CSI more accurate for the link adaptation, a potentially large number of TRPs should cooperate, and which ones should serve the UE, which ones should mute for the UE, and which ones are allowed to interferer the UE (so that they can still serve other UEs at the same time) need to be decided. Such a decision may not be made by the gNBs and may be more suitable as a UE decision. To this aim, we note that this becomes similar to Rel-17 FeMIMO NCJT CSI enhancement (see companion contribution R1-2005289 [2]; Proposal 1, Option 2, and Table 2 in Section 2).
In more details, the UE is configured with a CSI-IM (the UE does not need to decide the type of the CSI-IM because it is already configured for IM) and NZP 1 and NZP 2 (and possibly more) for a report configuration. The UE determines whether each of the NZPs is for channel measurement (CM), interference measurement (IM), or muting (blanking, non-serving non-interfering). To avoid the UE reporting only the most “selfish” CSI, such as only the one that all NZPs are CM for the UE, leaving little resources for other UEs, the gNB may configure a certain reporting criteria/requirement (such as the three highest CQIs, or one CQI in the range of 25~30 dB and another CQI in the range of 20~25 dB), and the UE report the resulting CSI and the determinations in the CSI reporting. Then the gNB can coordinate the TRPs accordingly based on the reported CQIs and some particular URLLC requirements. For example, if one URLLC burst requires a guaranteed 25 dB SINR to complete in time, then the CQI in the range of 25~30 dB and the corresponding resource configuration are used for the link adaptation. However, if another URLLC burst requires only a guaranteed 20 dB SINR to complete in time, then the CQI in the range of 20~25 dB and the corresponding resource configuration can be used for the link adaptation, which leaves more resources for other UEs.
Proposal 2: Support URLLC CSI feedback enhancements to allow for more accurate MCS selection via UE selecting whether a RS resource is for CM, IM, or muting with network configured selection criterion/requirement.

UE feedback procedure enhancement 
Faster CQI feedback can help cope with channel fading and respond quickly to blockage and shadowing, and, to a lesser extent, interference.  Nevertheless, to meet the stringent requirements of URLLC, we still support to specify faster CQI feedback as optional UE capability and optional network feature in Rel-17, so that the operator can have sufficient advanced mechanisms to operate under URLLC.
In addition, according to the standards, UE may drop CSI report under certain conditions, such as when the UE is not provided simultaneousHARQ-ACK-CSI and the CSI collides with HARQ feedback. This may be enhanced so that the UE does not need to drop the CSI report.
The potential enhancements include:
· Aperiodic CSI on PUCCH with shorter reporting delay and processing time. 
· When the UE is not provided simultaneousHARQ-ACK-CSI and the CSI collides with HARQ feedback, define additional CSI transmission opportunity in PUCCH or define multiplexing mechanism to transmit HARQ feedback and CSI report in PUSCH.
Proposal 3: Support CSI feedback enhancements to allow for more accurate MCS selection via UE CSI feedback procedure enhancements:
· Faster CQI feedback
· Less CSI report dropping due to collision

Conclusions
In this contribution, we present our views on CSI feedback enhancements to allow for more accurate MCS selection.  Based on the discussions in the previous sections we propose the following: 
Proposal 1: Support CSI feedback enhancements to allow for more accurate MCS selection via
· Separate CSI reporting of signal/channel information and interference information
· The report of interference information includes at least INR, frequency selective interference information, and interference statistics, e.g., max, min, standard deviation, x%ile
Proposal 2: Support URLLC CSI feedback enhancements to allow for more accurate MCS selection via UE selecting whether a RS resource is for CM, IM, or muting with network configured selection criterion/requirement.
Proposal 3: Support CSI feedback enhancements to allow for more accurate MCS selection via UE CSI feedback procedure enhancements:
· Faster CQI feedback
· Less CSI report dropping due to collision
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