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Introduction
In 3GPP RAN1 NR #3, huge details on CSI reporting such as CSI encoding, PUCCH type, support of semi-open-loop/hybrid CSI and Type II CSI reporting details were agreed [2][3]. In this contribution, we discuss remaining details of CSI reporting and UCI multiplexing considering various design aspects. 
Discussions on CSI reporting
1.1 Support of short PUCCH, long PUCCH and PUSCH for CSI reporting
In NR, two types of PUCCH transmission (short and long) are supported. While short PUCCH uses DFT-S OFDM with 1 or 2 OFDM symbols, long PUCCH uses CP-OFDM with more than 3 OFDM symbols. While long PUCCH provides large container (up to few hundreds of bits) and extended coverage by using repetitions and lower PAPR waveform, short PUCCH supports relatively smaller container (up to few tens of bits) than long PUCCH. Considering such aspects, limitations on short PUCCH (i.e. only used for wideband and partial-band reporting and same information payload irrespective of RI/CRI in a given slot) are agreed in 3GPP NR #3 [3]. However, further limitations on Resource setting and CSI reporting setting should be supported to fit the information to short PUCCH in a given slot:
· Limitation on # CSI-RS ports in Resource setting: Large number of CSI-RS ports requires high PMI reporting overhead due to narrower beamwidth. In order to reduce PMI overhead, applying antenna virtualization of TXRUs for short PUCCH can be one possible option for short based PUCCH reporting.
· Support of port selection codebook based on beamformed CSI-RS: When gNB has acquired prior channel information from UE (e.g. from aperiodic CSI report), UE-specific CSI-RS transmission (one analogous to Class B K=1 LTE) is a good alternative to reduce PUCCH reporting overhead. In this case, UE needs to report only RI, PMI based on beam selection codebook and CQIs.
· CRI reporting without PMI: Other possible option for short PUCCH would be CSI-RS resource selection based on multiple 1 port CSI-RS resources. Instead of PMI reporting which requires large PMI overhead, CRI reporting can provide robust information of channel quality. As well as CQI report, L1 RSRP can be considered when monitoring of large number of beam is required. 
Based on the above discussion, proposals can be summarized as follows:
Proposals: 
· Considering the payload size of short PUCCH, further limitations should be supported as follows:
· Limitation on number of CSI-RS ports in Resource setting
· Support of port selection codebook based on beamformed CSI-RS
· CRI reporting without PMI.
1.2 Remaining details for CSI reporting band
In RAN1 NR #3 [3], configuration of CSI reporting band is agreed. For CSI reporting band configuration, RBG level subband CSI reporting/CSI reporting band configuration should be supported. Although smaller granularity provides more flexibility, such flexibility can’t enhance performance benefit if different scheduling and precoding are not supported. Moreover, smaller granularity requires more PMI/CQI overhead in UL PUCCH/PUSCH reporting and degrades the coverage of UL CSI reporting. Considering such aspects, subband size should be based on RBG size. As well as subband size, RBG based CSI reporting band configuration should be supported considering gNB scheduling granularity and PRB bundling size. 
In addition, CQI type configuration should be supported in CSI reporting setting. In NR, various cases for partial band transmission should be considered. For example, transmission resources for each service (e.g. eMBB and URLLC) can be different as shown in Figure 1. 
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Figure 1 different service multiplexing in NR
In this case, UE does not need to consider all bandwidth part for each CSI and can efficiently utilize its reporting overhead. Additionally, optimized CQI (e.g. low modulation and coding rate for URLLC) can provide accurate CQI and can enhance NR system performance [4]. 
Proposals: 
· NR supports following for CSI reporting band:
· RBG based subbnad CSI reporting
· RBG based CSI reporting band configuration
· CQI type configuration for each service.
1.3 Signalling for CSI reporting
For signalling of CSI reporting, DCI and MAC CE have been discussed for a long time as candidates of dynamic activation/deactivation and triggering. The main difference between two options lies in the trade-off between decoding latency and error protection. That is, MAC CE provides better protection from error, however, the message incurs higher latency since it involves MAC layer. In contrast to MAC CE based activation and deactivation, DCI allows dynamic activation and deactivation with lowest latency, but may induce issues such as collision of UE reports when misdetection of activation or deactivation signalling occurs. Considering such benefits and drawbacks of DCI and MAC CE, multi-level signalling is proposed as shown in Figure 2. 
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Figure 2 Exemplary operation of multi-level activation/deactivation for A-CSI and S-CSI
As illustrated in Figure 2, gNB can trigger or activate/deactivate UE’s reporting candidates via MAC CE. Based on the candidate activation/deactivation, UE can receive DCI based indication/activation/deactivation. Since relatively lower number of candidates can be activated by MAC CE, impact of misdetection can be minimized into limited resources. Moreover, resources for CSI reporting can be minimized since DCI signalling allows more dynamic activation and deactivation with minimum latency. In order to reduce DCI overhead, 1-bit DCI which enables UE to differentiate A-CSI trigger and S-CSI activation/deactivation can be supported. Based on such indication, one DCI field can be commonly used for A-CSI and S-CSI. 
In order to provide reliability to DCI based activation/deactivation of S-CSI, A-CSI for the confirmation of activation/deactivation can be supported. When A-CSI triggering and S-CSI activation/deactivation share one DCI field, resource allocation bits may not be useful for S-CSI activation/deactivation. However, if UE supports one shot A-CSI for confirmation of S-CSI when UE receives activation/deactivation signalling, gNB can realize the misdetection of activation/deactivation signalling. 
Proposals: 
· For the triggering of A-CSI and activation /deactivation of S-CSI, multi-level signalling should be supported.
· Common DCI field can be shared for triggering of A-CSI and activation/deactivation of S-CSI.
· When UE receives activation/deactivation signalling, A-CSI can be used to provide confirmation signalling of activation/deactivation.
Partial PUSCH-based CSI transmission
As agreed in UL control session, resource allocation (RA) scheme similar to that for LTE is supported for NR. Based on the MCS included in the UL grant and the beta_offset (which can be semi-statically or dynamically assigned), the UE is able to infer the code rate used for UCI transmission. The number of REs occupied for UCI transmission is expected to be less than that indicated by the RA. In some scenarios, however, the transmitted UCI ends up needing more REs than that indicated by the RA. For instance, when the UE reports RI=2, it is possible that the gNB anticipates RI=1 and allocates the resource assuming RI=1. For Type II CSI, the total payload difference between RI=1 and RI=2 is almost a factor of 2. In this case, partial CSI transmission is instrumental. As decided in RAN1 NR-AH3, part 1 of PUSCH-based CSI reporting is of higher priority and fully transmitted. What remains to be decided is the partial transmission scheme for part 2. Several alternatives are possible:
· Alt 1. Drop part 2 and transmit only part 1
· Alt 2. Report only half of the subband PMIs by performing 2x “subsampling” across subbands, e.g. only even indexed subbands. The odd indexed subbands (i) are assumed to have the same CSI as the even indexed subbands (i-1).
· Alt 3. Report only “best-M” subband PMIs where M is a half of the number of subbands. The CSI of the remaining subbands are assumed to be the same as the nearest subband for which CSI is reported.
· Alt 3a: Best M is determined based on rate
· Alt 3b: Best M is decided based on CQI reported in part 1.
The system-level evaluation of Alt 2, Alt 3a, and Alt 3b is provided next. As reference, full part 2 transmission is considered. The relevant simulation parameters are enlisted in Table 2 in the appendix. The non-full-buffer system-level evaluation is carried out for UMi channel model in medium (50% target RU) traffic loading scenario and SU-MU switching with proportional fair scheduling is considered. The results are provided for 16 antenna ports with (N1, N2) = (4, 2) where we assume that the first dimension is horizontal and the second dimension is vertical. The simulation results are shown in Figure 1 and Figure 2, respectively for probability of partial part 2 transmission being 0.5 and 0.25, respectively. Note that partial part 2 probability = 0.5 corresponds to the worst-case scenario. In practice, gNB implementation can estimate RI and corresponding RA, hence reduce the partial part 2 transmission probability. 
Observations:
· Alt 2 incurs minimum loss in performance: ~4-6% and ~4-5% performance in avg. and 5% UPT, respectively
· Alt 3 (Best-M subbands) performs worse than Alt 2 due to potentially inaccurate CSI for subbands for which CSI is not reported.   

[bookmark: _Ref494663660]Figure 1: Performance comparison, probability of partial part 2 = 0.5


[bookmark: _Ref494663662]Figure 2: Performance comparison, probability of partial part 2 = 0.25
    
Based on the above discussion, our proposal can be summarized as follows:
Proposal: For the partial transmission scheme for part 2, only half of the subband PMIs are reported by performing 2x “subsampling” across subbands, e.g. only even indexed subbands.
Subband size
As agreed, a subband is defined as N contiguous PRBs, the value of N depends on the bandwidth of the active bandwidth part. In LTE, N is fixed and a function of the system bandwidth (specified in terms of the number of PRBs). 

In NR, however, it is beneficial to allow some configurability of N due to various deployment scenarios. At the same time, specification complexity associated with a large number of N values is to be avoided. Therefore, it is desirable to limit the extent of such configurability. Therefore, it is proposed to choose 2 possible values of N for a given system bandwidth where the choice of N is configured semi-statically (via higher-layer signalling). Section 4.4.5 of TS 38.211 includes “The number of resource blocks in a carrier bandwidth part shall fulfil  where the minimum and maximum values are given by Table 4.4.2-1,” which is copied below. 
Table 4.4.2-1: Minimum and maximum number of resource blocks
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	0
	24
	275
	24
	275

	1
	24
	275
	24
	275

	2
	24
	275
	24
	275

	3
	24
	275
	24
	275

	4
	24
	138
	24
	138

	5
	24
	69
	24
	69



Based on Table 4.4.2-1 in TS 38.211, an example of the two-valued subband size is described in below.
Table 1: Subband size
	 Carrier bandwidth part
	Subband Size

	

	(N)

	24 – 60
	6, 12

	61 – 100
	8, 16

	101 – 150
	10, 20

	151 – 200
	12, 24

	201 – 275
	16, 32 


    
Based on the above discussion, our proposal can be summarized as follows:
Proposals: Subband size can be configured by choosing one of the two possible values (via higher-layer signalling) where the two possible values are fixed and determined by the system bandwidth
Conclusions
In this contribution, issues on CSI reporting and UCI multiplexing are discussed and our proposals can be summarized as follows:
Proposals: 
· Considering the payload size of short PUCCH, further limitations should be supported as follows:
· Limitation on number of CSI-RS ports in Resource setting
· Support of port selection codebook based on beamformed CSI-RS
· CRI reporting without PMI.
· NR supports following for CSI reporting band:
· RBG based subbnad CSI reporting
· RBG based CSI reporting band configuration
· CQI type configuration for each service.
· For the triggering of A-CSI and activation /deactivation of S-CSI, multi-level signalling should be supported.
· Common DCI field can be shared for triggering of A-CSI and activation/deactivation of S-CSI.
· When UE receives activation/deactivation signalling, A-CSI can be used to provide confirmation signalling of activation/deactivation.
· For the partial transmission scheme for part 2, only half of the subband PMIs are reported by performing 2x “subsampling” across subbands, e.g. only even indexed subbands.
· Subband size can be configured by choosing one of the two possible values (via higher-layer signalling) where the two possible values are fixed and determined by the system bandwidth
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Appendix
[bookmark: _Ref450753651]Table 2: Simulation Parameters
	Parameters
	Value

	Simulation Type
	FTP1, Med load, Packet size = 500 kB

	Channel model
	UMi-4GHz

	Antenna elements
	(8,8), 4x1 virtualization in vertical

	(N1, N2)
	(4,2), 1st dimension is horizontal

	gNB (H,V) antenna spacing
	(0.5, 0.8)λ

	gNB and UE antenna polarizations
	BS: (+45°,-45°); MS: (0°, 90°)

	Number of UE antennas
	2

	SU/MU pre-coding
	SLNR

	Scheduling
	MU, up to 4 layers, proportional fair

	Channel estimation
	CSI-RS channel estimation impairments modeled

	Transmission rank (per UE)
	1,2

	Receiver
	MMSE-IRC



Full part 2	
Avg. UPT	50% UPT	5% UPT	1	1	1	Partial: Alt 2	
Avg. UPT	50% UPT	5% UPT	0.94195576066199871	0.91646560750216244	0.95282080432002281	Partial: Alt 3a	
Avg. UPT	50% UPT	5% UPT	0.91255569700827499	0.89898484089771036	0.87210459002415797	Partial: Alt 3b	
Avg. UPT	50% UPT	5% UPT	0.90197326543602807	0.87695179132334866	0.89683103595282077	



Full part 2	
Avg. UPT	50% UPT	5% UPT	1	1	1	Partial: Alt 2	
Avg. UPT	50% UPT	5% UPT	0.96399586250795677	0.94104793553967325	0.97328406991615746	Partial: Alt 3a	
Avg. UPT	50% UPT	5% UPT	0.94243316359007001	0.92971275094459871	0.92269432997015777	Partial: Alt 3b	
Avg. UPT	50% UPT	5% UPT	0.9363064926798218	0.91305139527473023	0.95466818246411822	
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