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Background
RAN1’s discussions on Rel-17 enhancement for IIOT and URLLC has been completed. In this contribution, we will analyse the agreement reached by RAN1 firstly and find all impact on RAN 4 demodulation and CSI. Then we will provide our suggestion on how to define corresponding RAN4 test.
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RAN1 has discussed Rel-17 enhanced IIOT and URLLC from following aspects:
· [bookmark: _Toc47778524][bookmark: _Toc54297316]UE feedback enhancements for HARQ-ACK
· CSI feedback enhancements for URLLC
· Enhancements for unlicensed band URLLC/IIoT
· [bookmark: _Toc47778527][bookmark: _Toc54297319]Intra-UE Multiplexing/Prioritization
· Propagation Delay Compensation Enhancements
For the last two features, we don’t see any impact on demodulation and CSI processing. For the first three features, we have following analysis:
The UE feedback enhancement for HARQ-ACK
RAN 1 has introduced following schemes for this feature:
· SPS HARQ skipping for ‘skipped’ SPS PDSCH
· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.
· Retransmission of cancelled HARQ
· SPS HARQ payload size reduction and / or skipping for ‘non-skipped’SPS PDSCH
· Type 1 HARQ codebook based on sub-slot PUCCH configuration 
· PUCCH carrier switching for HARQ feedback
Except for second scheme, i.e. PUCCH repetition enhancement, other schemes don’t have impact on PUSCH/PUCCH performance.  For PUCCH repetition, sub-slot repetition was introduced for PF0 and PF2. High reliability and low latency are characteristics for URLLC serving, sub-slot repetition is an important scheme to increase the reliability and reduce latency, inter sub-slot hopping is also supported to increase the frequency diversity gain, RAN4 can discuss on the related performance requirements definition 
Proposal 1: Further discuss on definition of the PF0 and PF2 requirements with sub slot repetition and inter sub-slot hopping. 
CSI feedback enhancements for URLLC
In order to increase the subband CQI reporting accuracy for URLLC, RAN 1 introduced 4-bits subband CQI reporting which means UE will report absolute CQI index for each subband instead of legacy differential CQI index, also, wideband CQI index reporting is supported. We copy agreements as following:
	Agreement
For subband CQI reporting with more than 2 bits per subband
· Support 4-bits CQI only

Agreement
For subband CQI reporting in Rel-17, RRC can configure use of legacy 2-bits D-CQI or 4-bits CQI for each CSI report configuration.
· This feature is subject to UE capability

Agreement
· When subband CQI reporting is configured with 4-bits per subband, UE includes wideband CQI in report.



Based on our understanding, comparing to the legacy reporting method, 4-bit subband CQI reporting will help BS know the CQI index of each subband more accurately, so BS can schedule UE within the best subband and more performance gain can be achieved. Therefore, we think this feature has great impact on CQI reporting and should be verified by RAN 4.
In Rel-15, subband CQI reporting requirements was introduced with following test metric:
	a)	A sub-band differential CQI offset level of 0 shall be reported at least α% of the time but less than β% of the time for each sub-band, where α and β are specified in Table 6.2.2.1.2.2-2;
b)	The ratio of the throughput obtained when transmitting the corresponding transport format on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level and that obtained when transmitting the transport format indicated by the reported wideband CQI median on a randomly selected sub-band among all the sub-bands shall be ≥ γ, where γ is specified in Table 6.2.2.1.2.2-2;
c)	When transmitting the corresponding transport format on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level, the average BLER for the indicated transport format shall be greater than or equal to 0.02.



For 4-bits subband CQI reporting, only difference is UE will report CQI index for each subband, in order to verify whether the tested UE can report best subband, we propose the following test metric:
 a)	A sub-band CQI index equal to reported wideband CQI index shall be reported at least α% of the time but less than β% of the time for each sub-band.
b)	The ratio of the throughput obtained when transmitting the corresponding transport format on a sub-band with the highest CQI index and that obtained when transmitting the transport format indicated by the reported wideband CQI median on a randomly selected sub-band among all the sub-bands shall be ≥ γ.
c)	When transmitting the corresponding transport format on a sub-band with the highest CQI index, the average BLER for the indicated transport format shall be greater than or equal to X.
We propose to use CQI table 3 which applies for URLLC scenario. An additional multi-path profile as following was used for Rel-15 subband CQI testing


However, in order to better verify UE report more accurate CQI index, this channel model may not applicable. We propose to reconsider the channel model to make frequency selective fading stronger to better verify UE use a higher precision reporting mode. For other test setup, we propose to reuse from Rel-15 subband CQI test.
Proposal 2: Define the subband 4-bits based CQI reporting with following test setup and test metric:
· Test metric:
· A sub-band CQI index equal to reported wideband CQI index shall be reported at least α% of the time but less than β% of the time for each sub-band;
· The ratio of the throughput obtained when transmitting the corresponding transport format on a sub-band with the highest CQI index and that obtained when transmitting the transport format indicated by the reported wideband CQI median on a randomly selected sub-band among all the sub-bands shall be ≥ γ;
· When transmitting the corresponding transport format on a sub-band with the highest CQI index, the average BLER for the indicated transport format shall be greater than or equal to X.
· Test setup:
· CQI table 3
· Channel model: FFS
· Others: Reuse Rel-15 CQI reporting

Enhancements for unlicensed band URLLC/IIoT
It is agreed to introduce URLLC transmission on unlicensed band and some enhancement have been introduced for UE initialed and gNB initialed COT in semi-static channel access mode. However, PDSCH performance requirements in unlicensed band. i.e. CCA  has been introduced in Rel-16 NR-U WI and it was agreed that no performance difference between PDSCH with LBT and without LBT. So, we don’t need to define additional requirements for URLLC PDSCH. RAN 1 also introduced PUSCH repetition type B for unlicensed band operation. Based on our understanding, PUSCH repetition type B transmission will be segmented by the idle time within FFP, which will lead to different symbol duration for initial transmission and retransmission. The following are the agreements:
	Agreement
In semi-static channel access mode, for PUSCH repetition Type B: If a nominal repetition overlaps with a set of symbols in an idle period associated to gNB’s FFP in case UE shares gNB-initiated COT for the nominal repetition or associated to UE’s FFP in case UE assumes UE-initiated COT for the nominal repetition, all the symbols in the idle period should be considered as invalid symbols which are not considered for an actual repetition as in Rel-16.


Considering we have only defined PUSCH repetition type A requirements with same time allocation for initial transmission and retransmission in Rel-15, we propose to further discuss whether to introduce PUSCH requirements with type B repetition in unlicensed band which are segmented by idle time within FFP leading to different symbol duration for initial transmission and retransmission.
Proposal 3: Further discuss whether to introduce PUSCH requirements with type B repetition in unlicensed band which is segmented by idle time within FFP leading to different symbol duration for initial transmission and retransmission.
Conclusion
In this contribution, we provide our overviews on demodulation and CSI requirements for Rel-17 enhanced IOT and URLLC. The proposals are:

[bookmark: _GoBack]Proposal 1: Further discuss on definition of the PF0 and PF2 requirements with sub slot repetition and inter sub-slot hopping.
Proposal 2: Define the subband 4-bits based CQI reporting with following test setup and test metric:
· Test metric:
· A sub-band CQI index equal to reported wideband CQI index shall be reported at least α% of the time but less than β% of the time for each sub-band;
· The ratio of the throughput obtained when transmitting the corresponding transport format on a sub-band with the highest CQI index and that obtained when transmitting the transport format indicated by the reported wideband CQI median on a randomly selected sub-band among all the sub-bands shall be ≥ γ;
· When transmitting the corresponding transport format on a sub-band with the highest CQI index, the average BLER for the indicated transport format shall be greater than or equal to X.
· Test setup:
· CQI table 3
· Channel model: FFS
· Others: Reuse Rel-15 CQI reporting
Proposal 3: Further discuss whether to introduce PUSCH requirements with type B repetition in unlicensed band which are segmented by idle time within FFP leading to different symbol duration for initial transmission and retransmission.
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