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Introduction
In this paper, we discuss the CQI reporting for multiple services in NR. The following agreements were made in the previous RAN meeting[1] :  
RAN1#90bis Agreement: 
· N separate CQI table(s) are supported for URLLC
· Downselect the value of N between 1 or 2
· Two target BLER are supported for URLLC
· Note: RRC signalling is used by gNB to select one of the two target BLER
Note: The configuration of target BLER or CQI table is part of CSI report settin
RAN1#90bis Agreement:
· Two separate CQI tables are supported for eMBB 
· One for maximum modulation order is 256-QAM
· One for maximum modulation order is 64-QAM
· The target BLER for CQI tables is 10%
· Note: RRC signalling is used by gNB to select one of the above two tables 

In this conribution, we share our views on unified CQI treporting for different service types (eMBB, URLLC-multiple applications, mMTC, etc). 
CQI feedback 
For NR multiple type of services are to be supported, with eMBB being the main target for Rel-15 UE. While for eMBB 2 CQI tables are supported with target BLER of 10% [1], it is still unclear the number of tables and BLER targets to be supported for URLLC.
Proposal 1: For eMBB services keep similar CQI design as in LTE and maintain CQI table similar to LTE
On the other hand, for URLLC, contributions [2][3][4][5][6] point to the need for different BLER targets for wide variety of applications in NR (URLLC with different applications, etc). There are two aspects to the development of CQI tables:
· Having to cover very low code rates for a particular BLER target (especially for low targets)
· Developing the above tables for multiple BLER targets
· Multiple BLER targets for covering different applications
Some of the proposals have tried to address the above issues:
· Extending the present CQI table to cover lower code rates: A single large table covering all the coding rates. A large CQI table requires long addressing bits and hence the UE feedback increases and hence more complicated and inefficient [3]. 
· Repetition factor: In [3][5], it was proposed that the UE will notify the repetition factor, X, for transmission of URLLC service traffic that would get the BLER to the required rate (E.g. 10^-5 BLER for URLLC traffic). The proposed method uses the base BLER rate as reference and UE derives the repetition factor, X, that can achieve target BLER of the intended service. This requires new signalling from UE and simulations are needed to evaluate the consistency of repetition factor, X, for different code rates.
· CQI offset: In this method, an offset is applied to the CQI value received for legacy BLER to derive the CQI for target BLER [4]. This method is very coarse, and does not capture the diversity of the channel which means extrapolating the value is not accurate. Another drawback of CQI offset method is that higher CQI’s can never be achieved post offset. Even with very good channel conditions the HARQ offset method tends to use more resources for transmission than required. 
The above proposals require additional signalling from the gNB and/or UE side and also require simulation to validate the performance.

In this paper, we look at both the aspects of:
· Covering lower code rates in the CQI table, 
· Supporting multiple BLER targets for different services under a single frame work.
CQI table extension:
A general reliability requirement for URLLC is BLER of 10^-5 for a 32 byte packet with user plane latency of 1ms. With the legacy LTE CQI table and a target BLER of 10%, the URLLC required reliability is not achieved [4]. Using the HARQ will improve the reliability but with more latency. Extending the CQI table to lower code rates will allow to fulfill more reliable transmission while meeting the latency requirement [5]. But on the other hand, this requires more feedback bits for CQI reporting from the UE. Also, a number of proposals are made for reducing the DCI size for URLLC [8] which implicitly forces for lesser CQI bits on UL. The other alternative is to use multiple CQI tables for different applications. But this approach requires more signaling to select the right table [9]. 
[bookmark: _GoBack]In this paper, we propose to extend the CQI table covering the lower code rates needed for URLLC reliability without actually increasing the number of CQI feedback bits from the UE. The idea is, any application as such do not access all the entries of the full table and they will only be accessing the subset of table based on the targeted service. For example, an application with smaller packet sizes with tighter latency and reliability requirement does not require the use of higher code rates whereas an application with larger packets size but more relaxed latency and reliability requirement does not require the very low code rates designed for reliability. Hence, the code rates accessed by any service actually form a subset of the big CQI table. Based on the service type, the UE and gNB know the subset and the size of the CQI table to access. Figure 1 shows the CQI table subset selection as an example. In practice, the subset can be: 
· signalled using an offset (subset is contiguous set of values from the table),
· corresponds to a down-sampling: same range  as the full CQI table but larger step-size,
· combination of offset and down-sampling.
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[bookmark: _Ref498414188][bookmark: _Ref498347583]Figure 1 : Example for CQI table subset selection by signalling a subset
Observation 1: Based on the type of the application, the CQI values accessed will be a subset of large CQI table and hence based on the application service type the CQI table can be subsampled and can be predefined so that both UE and gNB are aware.
Proposal 2: For URLLC extend CQI table without adding more bits
· Referencing the big CQI table with predefined application service specific ranges  
· No need for extra bits once the application service type is known

Support for multiple BLER targets:
In this paper, we also propose to use CSI-RS framework and add target BLER for each of CSI-RS process id. Each UE can be configured with a number of CSI-RS processes identified by process id. The following options are available in LTE:
· Aperiodic CSI – Configured by RRC signalling and gNB triggers the CSI reporting using the DCI
· Periodic CSI – Configured by RRC signalling and allows for multiple CSI-RS process id’s per user
· Mixed periodic and aperiodic configurations
Observation 2: CSI-RS offers flexible RS allocation and reporting. Allows the gNB to configure different process to single user.
Proposal 3: For URLLC support different target BLERs for different CSI-RS configurations/processes using:
· Different Aperiodic CSI configurations by RRC signalling where the gNB triggers the CSI reporting using the DCI
· Different Periodic CSI configurations by RRC signalling and allows for multiple CSI-RS processes per user
· Mixed periodic and aperiodic CSI-RS configurations
In this paper, we offer two flavours of the solution. 
Aperiodic CQI Based
This is motivated by the fact that we can efficiently reduce the transmission resources for the packet transmission with asymmetrical HARQ [6]. In the 1st transmission the gNB uses a periodic/aperiodic CSI report with the associated BLER target (let’s say 10% BLER). When there is a change in the service type (let’s say delay sensitive URLLC traffic with target BLER of 10^-5) an aperiodic CSI reporting can be requested from the UE [7]. The UE feedback the CQI using BLER target set by aperiodic CSI configuration and the gNodeB will use the newly acquired CQI for subsequent re-transmissions. The CSI report calculation can be based on:
· Latest estimated channel for the purpose of CSI reporting: this solution suffer potentially from outdated channel and interference conditions.
· Aperiodic CSI-RS that is included as part of the 1st transmission. In this case is the channel and interference conditions are up-to-date but the this come at the expense of additional channel overhead and CSI-RS channel estimation complexity
· DMRS associated with the current DL transmission. In this case the channel is up-to-date without the associated CSI-RS overhead and with less additional complexity at the UE which is crucial for low latency feedback

Observation 3: Aperiodic CSI-RS configuration is used to acquire the CQI information when there is a change in the service type. Multiple aperiodic CSI-RS configurations are possible with different BLER targets.
Proposal 4: For URLLC, support aperiodic CSI-RS that is signalled to the UE via DCI together with aperiodic CQI feedback request 
Proposal 5: For URLLC, support DMRS based CQI computation to improve latency of CQI reporting and reduce CSI-RS overhead and computations complexity at the UE
An example of the first option is shown in figure 2. 
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Figure 2 : Option-1 Using aperiodic CQI reports for data transmission
Periodic CQI Based
In the second flavour of the solution, the gNB configures different periodic CSI-RS processes to a particular UE with different target BLERs. Based on the service of the incoming traffic the gNB uses the latest CQI feedback for the service specific target BLER and allocate the resources accordingly. This approach is simpler than the aperiodic CQI based approach, since the UE is not required to calculate the CQI in a very short time, however the CQI feedback may correspond to an outdated channel and interference conditions by the time the URLLC transmission takes place. Also, based on the type of service the CSI-RS feedback periodicities can be set so as to reduce the resources required for UE feedback.



[image: ]
Figure 3 : Option-2 Using Periodic CQI reports for data transmission
Conclusion
In this contribution, we have discussed the aspects of CQI reporting for various services in NR under a single framework. Following are the observations and proposals of this paper:
Observations:
Observation 1: Based on the type of the application, the CQI values accessed will be a subset of large CQI table and hence based on the application service type the CQI table can be subsampled and can be predefined so that both UE and gNB are aware.
Observation 2: CSI-RS offers flexible RS allocation and reporting. Allows the gNB to configure different process to single user.
Observation 3: Aperiodic CSI-RS configuration is used to acquire the CQI information when there is a change in the service type. Multiple aperiodic CSI-RS configurations are possible with different BLER targets.
Proposals:
Proposal 1: For eMBB services keep similar BLER/CQI design to LTE, that is the BLER target is 10% and maintain CQI table similar to LTE
Proposal 2: For URLLC extend CQI table without adding more bits
· Referencing the big CQI table with predefined application service specific ranges  
· No need for extra bits once the application service type is known
Proposal 3: For URLLC support different target BLERs for different CSI-RS configurations/processes using as in LTE:
· Different Aperiodic CSI configurations by RRC signalling where the gNB triggers the CSI reporting using the DCI
· Different Periodic CSI configurations by RRC signalling and allows for multiple CSI-RS processes per user
· Mixed periodic and aperiodic CSI-RS configurations
Proposal 4: For URLLC, support aperiodic CSI-RS that is signalled to the UE via DCI together with aperiodic CQI feedback request
Proposal 5: For URLLC, support DMRS based CQI computation to improve latency of CQI reporting and reduce CSI-RS overhead and computations complexity at the UE

References
RAN1 Chairman’s Notes, Section 7.2.2.5, 3GPP TSG RAN WG1 Meeting 90bis Prague, CZ, 9th – 13th, October 2017
R1-1718849, Summary for CQI and MCS, AT&T, 3GPP TSG RAN WG1 Meeting #90bis, Prague, Czech Republic, 9-13 October 2017
R1-1712210, Link adaption for URLLC transmission, Huawei, HiSilicon, 3GPP TSG RAN WG1 Meeting #90, Prague, Czech Republic, 21-25 August 2017
R1-1718748, CQI reporting for URLLC, Ericsson, 3GPP TSG RAN WG1 Meeting #90bis, Prague, Czech Republic, 9-13 October 2017
R1-1717303, Link adaptation and CQI reporting for URLLC transmission, Huawei, HiSilicon, 3GPP TSG RAN WG1 Meeting #90bis, Prague, Czech Republic, 9-13 October 2017
R1-1713719, HARQ Procedure for DL URLLC, MediaTek Inc., 3GPP TSG RAN WG1 Meeting #90 Prague, P.R. Czechia 21th - 25th August 2017
R1-1711556, Ultra reliable HARQ design with async CSI feedback, Qualcomm Inc., 3GPP TSG-RAN WG1 NR Ad-hoc #2, June 27th – 30th, 2017, Qingdao, P. R. China
R1-1718605, On the URLLC specific aspects for DL control channel, Nokia, Nokia Shanghai Bell, 3GPP TSG RAN WG1 Meeting 90bis, Prague, CZ, 9th – 13th, October 2017
R1-1718194, Views on CQI and MCS Tables, NTT DOCOMO, 3GPP TSG RAN WG1 Meeting 90bis Prague, CZ, 9th – 13th, October 2017

image1.png




image2.png
TTl's

Aperiodic CQl
configuration
from RRC

XS
S
)
ue
decoding
and cQl

estimation

gNB
decoding

%,

Y,

L

Vg, Cop

Yoo g, W
SR

UE
decoding

&





image3.png
TTl's

RRC configures UE
for periodic CQI
with multiple CSI-
RS process
targeting different
BLER

% %

gNB Receive
CQl, BLER-1 QI BLER-2 CQl, BLER-N

UE computes CQl for different BLER
targets and feedback with different
periodicity

UE
decoding

N





