3GPP TSG RAN WG1 Meeting AH NR#3                                                                                    R1-1715465
Nagoya, Japan, 18th – 21st, September 2017

Agenda Item:	6.2.2.1
Source:	Huawei, HiSilicon
Title:	Channel and interference measurement for CSI acquisition
Document for:	Discussion and decision 

1. Introduction
At the previous meeting (RAN1 #89), it was agreed as a working assumption that:
Working Assumption: 
· Support at least NZP CSI-RS based interference measurement 
· select at least one of following scheme
· Scheme-1: Estimation on NZP CSI-RS for channel estimation (by subtracting NZP CSI-RS from Rx signal)
· Scheme-2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix
· Aim to conclude whether to support one of them or both in the next RAN1 meeting
· FFS whether or not to support signaling of power boosting for NZP CSI-RS
· Other schemes are not precluded

· FFS whether or not support DM-RS based interference measurement, aim to decide in the next RAN1 meeting
· [bookmark: _Ref129681832]Companies are strongly encouraged to carry out analysis of the resulting overhead comparing NZP CSI-RS and DM-RS based approaches (e.g., as in contribution R1-1709452)
These FFS issues should be addressed in the coming RAN1 meeting, otherwise, support of NZP CSI-RS based interference measurement is hardly completed in NR R15 phase. For further progress, we’d like to discuss NZP based interference from other aspect and strive to draw some conclusions. On the other hand, several agreements were achieved on the measurement restriction at pervious meeting, i.e.
Agreement: 
· Support following features for NR CSI acquisition
· FFS Frequency domain subset restriction
· FFS on number of configurable subsets
· FFS on detailed signaling/configuration
· FFS measurement restriction of interference measurement
· FFS on measurement restriction of channel measurement 
· For time domain, measurement restriction of channel and interference measurement
The details on supporting time domain restriction and the necessity of supporting frequency domain restriction are discussed as well in this contribution.
2. Discussion on Interference measurement
2.1. Interference in various scenarios
In MIMO topics, two main scenarios are discussed up to now: non-multi-TRP coordination scenario not performing non-coherent joint transmission (NCJT), and multi-TRP coordination scenario performing NCJT. For the former use case, the interested interference includes interference from other cells and interference from severing cell that actually intends to other MU paired UEs. They are known as inter-cell interference and MU interference. For the later use case, besides the above mentioned interferes, the signals from coordinated TRPs would be treated as interference as well for one given TRP although all these signals are actually for the same UE. 
The interference from MU and inter-cell (outside the transmission set) is generally similar for the scenarios of multi-TRP coordination and non-multi-TRP coordination, and they would be discussed in this paper. As for interference from coordinated TRP, it is relevant for joint codebook selection for coordinated TRPs and will be discussed in our companion contribution.
2.2. Discussion on interference measurement
The working assumption supports NZP CSI-RS for interference measurement and concludes at least two schemes, i.e., Scheme-1 and Scheme-2 in Introduction, for further down-selection and specification. Many contributions had discussed Scheme-1 and Scheme-2 at several previous meetings, but no consensus was achieved up to now. For further progress, we discuss this issue from another aspect, i.e., methods to emulate interference, because it has significant impact on UE behavior, implementation feasibility and complexity, and L1/2 signaling, etc. Then with the conclusion of the discussion, we further analysis the Scheme-1 and Scheme-2.
2.2.1. Interference emulation
Basically, the interference emulation includes TRP emulation and UE emulation. For TRP emulation, the NZP CSI-RS for interference measurements are beamformed with precoder derived by prior CSI, e.g., SU CSI. These precoders are transparent to UE. It means at the UE side, the covariance matrix of interference can be derived without any information about precoder used by TRP. On the contrary, UE emulation requires the UE to obtain a precoder, from network signaling or UE estimation based on its channel with the serving TRP or interfering TRP. Thus usually UE emulation is more suitable to be used with non-precoded CSI-RS (for, e.g., intra-UE cross-layer interference estimation) but not precoded CSI-RS (for, e.g., fine CQI adjustment). 
The UE emulation methods have the following issues:
· UE emulation based on TRP signaling of precoding matrix
This requires the precoding matrix to be signaled to the UE, and the signaling needs to be standardized. To enable accurate interference estimation, the precoding matrix signaled should be the same as the precoding matrix for PDSCH. There are a few issues associated with this method:
1) Feasibility issue: This method is infeasible for DMRS-based precoding, since the precoding can be any matrix and may not be based on any pre-defined codebook. 
2) Signaling overhead and complexity issues: Even for precoding based on pre-defined codebook, the signaling overhead may be high, and prohibitive for some cases. For example, for NR gNB scheduling up to 12 layers, a large number of codewords need to be signaled to the UE to estimate the MU interference. If the per-layer power allocation can be varying, the power levels for all layers also need to be signaled. Moreover, to emulate inter-cell interference, other TRPs’ precoding matrices (could be up to 12 layers per TRP) also need to be made available to the serving TRP and then signaled to UE in time. The overhead and complexity are prohibitive.
Therefore, UE emulation based on TRP signaling of precoding matrix should not be supported.
· UE emulation based on precoding matrix derived by the UE from the channel to the serving TRP or interfering TRP
This does not require the precoding matrix to be signaled to the UE. The standard impact includes defining UE behavior of calculating the precoding matrix, such as based on the ‘best companion precoding matrix’ concept for MU MIMO. Applying this method in NR has the following issues.
1) The precoder of UE estimates may not match TRP’s selection. This is because the UE and TRP have access to different information. The UE may have more information of its own channel(s) which is not fully available to TRP, and TRP has information about multiple UEs and possibly other TRPs which is not available to the UE. Therefore, a UE does not have sufficient information to emulate interference. In addition, the gNB rather than the UE decides the precoding, and the gNB can overwrite any precoding reported/emulated by a UE. Hence it is nearly impossible for the UE to meaningfully predict the precoder of those UEs to be actually scheduled. 
2) The method cannot be used to predict inter-cell interference, based on at least the arguments in 1).

3) Scalability issue: To make this method workable, one possible way to is to enable UE to estimate interference and CSI assuming multiple likely hypotheses, for example, the UE reports a large number of companion precoders and associated MU CQIs. In NR, however, it was agreed to support up to 12 orthogonal DMRS ports. It would be possible to pair 12 UEs for MU operation. As we discussed above, in NR high order MU is more popular. In order to gain the benefit, UE has to assume different MU hypotheses to find out the ‘best companion’ precoders. For instance, given M (e.g., M=12) UEs potential for MU MIMO, the UE should assume total  MU hypotheses for CSI derivation and reporting. The feasibility of this scheme is quite questionable due to the huge calculation complexity and overwhelming overhead to report the CQIs for all MU hypothesizes, though it could work for LTE with much fewer layers.
Therefore, UE emulation based on precoding matrix derived by the UE from the channel to the serving TRP or interfering TRP should not be supported.
Based on the discussion above, UE emulation is actually not feasible, and TRP emulation is preferred. One may argue that TRP emulation consumes more CSI-RS resources if multiple hypotheses need to be emulated. However, as described before, NZP-based interference measurement is generally in a later stage of CSI acquisition and the hypotheses have already been tested in earlier stages. At the stage for fine CQI adjustment, generally only one hypothesis needs to be emulated. Therefore, the overhead of NZP CSI-RS resource for interference measurement is not a big issue.
Hence we have
Observation 1: UE emulation can be based on TRP signaling of precoding matrix. However, it is impractical for DMRS-based transmission using possibly any precoding matrix, MU with many layers, and inter-cell interference.
Observation 2: UE emulation can be based on precoding matrices derived by the UE. However, those precoding matrices may not match TRP selection of precoding matrices, and cannot be derived for inter-cell interference and/or MU with many layers. 
Proposal 1: Do not support UE emulation for interference measurement on NZP CSI-RS.

2.2.2. Discussion on two schemes based on TRP emulation
2.2.2.1. The principle and mechanism of two schemes
· [bookmark: OLE_LINK32]Scheme-1: Estimation on NZP CSI-RS for channel estimation (by subtracting NZP CSI-RS from Rx signal)
In practical network, data traffic may occur quite randomly in each cell. Accordingly, the MU paring and resource utilization in one cell would dramatically vary. It would result in interference, either MU or inter-cell interference, fast changing from UE perspective. The motivation of Scheme-1 is to accurately predict and measure such interferences. 
[bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK31]With the assist of pre-scheduling, Scheme-1 is capable to capture this fast changed interference. In a cell, an NZP CSI-RS resource is configured and common for MU paired UEs. Based on prior CSI information, e.g., periodic SU CSI, the TRP determines to schedule MU-paired UEs on subframe n+k. However the accurate CQI reflecting the interference on subframe n+k is not acquired yet. To this aim, the TRP transmits beamformed CSI-RS on subframe n to each UE on the common configured NZP CSI-RS resource. For each UE, the precoder(s) on the CSI-RS port(s) is identical to those for associated PDSCH on subframe n+k. Hence the beamformed CSI-RS can be viewed as (pre-)emulation of PDSCH transmission on subframe n+k. For given UE k, the received signal on CSI-RS resource can be expressed as
 (
MU interference
)
 (
Inter-cell interference
)
                   


[bookmark: OLE_LINK55][bookmark: OLE_LINK56]At the UE side, the received signal intended for the UE is firstly reconstructed by . After subtracting intended signal from the received CSI-RS Y, the remaining signal will be inter-cell and MU interference. 
	[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Moreover, if all surrounding cells are following the similar behavior as this TRP does for subframes n and subframe n+k, and the NZP CSI-RS resource between TRPs are totally aligned as the example shown in Figure 1, the interference measured on this CSI-RS resource for one TRP may reflect the real MU and inter-cell interference on the subsequent n+k subframe.


[image: ]
Figure 1. NZP CSI-RS resource for adjacent TRPs 
From the above discussion we can see that, in order to emulate future PDSCH transmission, NZP CSI-RS needs to have identical transmission power as associated PDSCH. Hence the power boosting should not be performed for NZP CSI-RS.
· Scheme-2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix
Scheme-2 is also a candidate for interference measurement. To support MU-MIMO, N NZP CSI-RS resources are configured and shared by a group of UEs. For a UE, TRP may dynamically indicate which NZP CSI-RS resource is for channel estimation and which NZP CSI-RS resource(s) is for interference measurement. The principle behind this scheme is that one NZP CSI-RS resource for a UE is actually interference for the other UE if it belongs to the same MU group. 
For instance, an NZP CSI-RS pool has 4 NZP CSI-RS resources and they are shared by a group of UEs in one TRP. The TRP decides to pair UE1, UE2 and UE3 for MU transmission based on some prior channel information. Before PDSCH transmission, TRP will select CSI-RS resources and transmit beamformed CSI-RS to each UE. For instance, NZP CSI-RS resources 0, 1, and 2 are allocated to UE1, UE2, and UE3, respectively. Moreover, the precoder on CSI-RS resource 0 should be identical to that on PDSCH of UE1. The same principles are applied on UE2 and UE3 as well. Based on the indication from the TRP, UE1 estimates channel on NZP CSI-RS resource 0 and estimates MU interference on NZP CSI-RS resources1/2. While for UE2, NZP CSI-RS resource 1 is for channel and resources 0/2 are for interference estimation respectively, and likewise for UE3. 
The mechanism of this scheme is illustrated in Figure 2.
[image: ]
Figure 2.  Multiple NZP CSI-RS resources for MU interference measurement

2.2.2.2. Analysis from various aspect
CSI-RS resources consumption
In Scheme-1, one NZP CSI-RS resource is sufficient to estimate both channel and interference. While for Scheme-2, different NZP CSI-RS resources actually correspond to different MU layers and/or different interfering TRPs, which generally leads to higher overhead. Additionally, when high dimension MU-MIMO is activated, e.g., 12 UEs pairing for MU in the serving TRP and/or interfering TRPs, the required NZP CSI-RS resources would be significantly more than Scheme-1. 
In addition, one variation of Scheme-2 is to firstly sum up the interference power on indicated NZP resources, and then subtract the double-counted inter-cell interference, where ZP CSI-RS is used to measure inter-cell interference. Hence ZP CSI-RS should be additionally configured to solve the double-counting issue (see Fig. 2). This would further increase the consumption of CSI-RS resources. 
Observation 3: Scheme-2 has more CSI-RS resource overhead compared with Scheme-1.
Capabilities of accurately capturing interference 
As we discussed above, Scheme-1 has the capability of capturing fast changed MU and inter cell interference with the assist of pre-scheduling on TRP. For Scheme-2 with our mentioned TRP emulation, MU interference can be captured as well. However, the fast change of inter-cell interference is hardly captured. It is because the interference on ZP CSI-RS is normally caused by interfering TRPs’ current data transmissions, not future interference emulated on NZP CSI-RS. Such interference on ZP CSI-RS would be treated as flat and averaged over at least tens of slots. Under this assumption, ZP CSI-RS resource is usually used for measuring this averaged inter-cell interference. 
However, as we discussed in above section, inter-cell interference may vary dramatically. The inter-cell interference may be not accurate in Scheme-2 and this inaccuracy will become the bottleneck for performance improvement for Scheme-2.
Observation 4: Scheme-1 can capture fast changing inter-cell and MU interference. Based on TRP emulation, Scheme-2 can capture fast changing MU interference assuming inter-cell interference as flat in time domain. 
Measurement Accuracy
In contribution [2], we provide a link level simulation to show the channel estimation accuracy, which proves acceptable accuracy in evaluated scenarios. Even in some extreme cases, such as the cases with very low SINR and large frequency selectivity, the channel estimation accuracy maybe a little worse. Some approaches proposed in [2] can be viewed as the solution to address the potential accuracy issue. On the other hand, Scheme-1 aims to capture the fast changed MU and inter-cell interference. It is not fair to evaluate it with link-level simulation, since the character of interference fast changing is hardly modeled in link level simulation. 
To demonstrate two schemes properly, we carry out system level simulations. For Scheme-1, one NZP CSI-RS resource is configured and is shared by a group of UEs. With prior SU CSI, some UEs are paired together. Based on pre-scheduling information, network assigns different ports in this NZP resource to different UEs belonging to this MU group. In addition, the NZP CSI-RS resource is aligned between TRPs. For Scheme-2, four NZP CSI-RS resources and one ZP CSI-RS resource are configured. ZP CSI-RS is used to resolve the issue of double count of inter-cell interference when sum up interference on two NZP CSI-RS resources. It should be noted that inter-cell interference on ZP CSI-RS actually reflects the interference on ‘current’ subframe instead of ‘real’ interference on future PDSCH. 
The simulation assumptions are listed in table1 in Appendix, and simulation results are shown in Figure3. 
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Figure 3.  Performance comparison between Scheme-1 and Scheme-2 under UMi with 16 Tx ports

From the simulation results we observe that due to the accurate estimation and predication of both MU and inter-cell interference, Scheme-1 shows about 10% gain over Scheme-2 for cell average UPT, and about 40% gain for 5% UPT.
Observation 5: Due to inability to accurately capture fast changing inter-cell interference, Scheme-2 has 10% and 40% loss on cell average and cell edge UPT compared with Scheme-1.
A unifying view
Though some may view that Scheme-1 and Scheme-2 are two opposing schemes, we have described above that both are actually based on TRP-emulation and are connected to each other. More careful analysis reveals that some components from both schemes are needed at least in typical implementations of TRP emulation, that is, the schemes are somewhat complementary to each other. 
To see this, note 1) Scheme-1 mainly describes UE behavior whereas Scheme-2 mainly describes TRP operations for TRP emulation. 2) For Scheme-1, in some implementations, different layer(s) may be mapped to different ports of the NZP CSI-RS, and a UE’s intended signal is on only a subset of the NZP CSI-RS ports. Then on the ports with the intended signal, the UE can discount the signal to obtain interference, while on other ports no such operation is needed. In other words, Scheme-1 may require discounting of intended signals on only a subset of NZP resources. 3) For Scheme-2, the signal and interference from layers not for the UE may be mapped into different ports of a NZP CSI-RS, or mapped into different NZP CSI-RS resources but all can be viewed as one composite NZP CSI-RS resource. Then on the composite NZP CSI-RS, the UE also needs to discount its signal to obtain interference. Thus, the schemes may be unified.
Hence we propose the following.
Proposal 2: NR supports
· Interference emulation at the gNB on NZP CSI-RS(s); and 
· Interference estimation at the UE on the NZP CSI-RS(s) by discounting its own Rx signal estimated on a subset of the NZP CSI-RS(s)
 
3. Discussion on measurement restriction
3.1. Time domain measurement restriction
It was agreed to support measurement restriction in time domain for channel and interference measurement. However, the detailed mechanism should be discussed. Taking into account the flexibilities to fit the rich channel conditions in various NR scenarios, measurement restriction by a configurable number of slots can be considered in NR. Moreover, the change of beamformer may be associated with certain events (e.g., TRP applying a new beam according to the beam indicator or the like reported by the UE; see [5]). When such an event occurs, the UE needs to reset its channel measurement from then on and shall not average the measurements before and after the event. Therefore, time domain channel measurement reset due to relevant events should be supported.
Proposal 3: NR supports a configurable number of slots for time domain channel measurement restriction and time domain measurement reset due to relevant events.
With the similar reason as suggested above for time domain channel measurement restriction, interference measurement restriction by a configurable number of slots can be considered in NR, in order to align with the possible configuration of time domain channel measurement restriction.
Proposal 4: NR supports a configurable number of slots for time domain interference measurement restriction.
3.2. Frequency domain measurement restriction
The frequency domain channel measurement restriction, on the other hand, is to be considered in the situation where multiple services exist in different parts of the whole frequency band. The channel measurement over the whole bandwidth is possible, however only one or a few bandwidth parts need to be measured for the UE in certain service(s). In this regard, restricting the channel measurement in frequency domain is also beneficial.
Observation 6: Frequency domain channel measurement restriction is beneficial, considering the existence of multiple services in different parts of the whole bandwidth.
[bookmark: _GoBack]According to previous agreements on wider bandwidth operation, there can be multiple bandwidth parts configured to a UE, each of which corresponds to a specific numerology to support the relevant service. At least one out of multiple bandwidth parts can be activated, while multiple bandwidth parts with different numerologies activated simultaneously can also be considered. With this flexibility of bandwidth part configuration, the frequency domain channel measurement restriction should at least be applicable in bandwidth part-wise, i.e. measurement restricted to one or more bandwidth parts out of the full bandwidth. 
Further measurement restriction within a bandwidth part can also be considered. For instance, in beam management, a UE-group-specific CSI-RS may need to cover the whole band of the link or a specific subband. A UE-specific CSI-RS may need to be allocated within the frequency resources to a particular UE, in order to provide accurate beam information and/or CSI, and also to avoid affecting other FDM-ed transmissions. In this regard, CSI-RS bandwidth smaller than the bandwidth part may be considered [1], and thus the frequency domain channel measurement restriction within a bandwidth part.
Proposal 5: NR supports frequency domain channel measurement restriction within a configurable number of subbands of a bandwidth part.
The frequency domain interference measurement restriction, on the other hand, is to be considered in the same situation as the frequency domain channel measurement restriction discussed above. The interference measurement over the whole bandwidth is possible, however only one or a few bandwidth parts need to be measured for the UE in certain service(s). In this regard, restricting the interference measurement in frequency domain is also beneficial.
Another possible case is in multi-TRP transmission and the coordinated TRPs are scheduled independently. The scheduled resources could be randomly overlapped or non-overlapped. It will cause part of the scheduled bandwidth suffer different interference condition from the other part of the scheduled bandwidth.  In this case, it may not be accurate enough if the interference is measured across the whole bandwidth for an average value. On the contrary, the interference measured over a part of the scheduled bandwidth, such as subband, partial band, would be closer to the exact interference over this specific part. Moreover, one CQI should reflect the channel quantity of a frequency band. The channel and interference should be measured within the same associated frequency band. Configuration of frequency band-A for channel while frequency band-B for interference does not make sense and should be avoid in NR.  
Observation 7: Frequency domain interference measurement restriction is beneficial, considering the existence of multiple services in different parts of the whole bandwidth, or the partial overlapped resources in multi-TRP transmission.
Proposal 6: NR supports frequency domain interference measurement restriction within a configurable number of subbands of a bandwidth part.

4. Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we have the following proposals based on current definitions and categories of schemes: 
Proposal 1: Do not support UE emulation for interference measurement on NZP CSI-RS.
Proposal 2: NR supports
· Interference emulation at the gNB on NZP CSI-RS(s); and 
· Interference estimation at the UE on the NZP CSI-RS(s) by discounting its own Rx signal estimated on a subset of the NZP CSI-RS(s)

Proposal 3: NR supports a configurable number of slots for time domain channel measurement restriction and time domain measurement reset due to relevant events.
Proposal 4: NR supports a configurable number of slots for time domain interference measurement restriction.
Proposal 5: NR supports frequency domain channel measurement restriction within a configurable number of subbands of a bandwidth part.
Proposal 6: NR supports frequency domain interference measurement restriction within a configurable number of subbands of a bandwidth part.
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Appendix 
Table 1. Simulation assumptions for Figure 3
	Parameters
	Values

	Duplex mode 
	FDD

	Inter-BS distance 
	200m

	Carrier frequency 
	2GHz

	Simulation bandwidth
	10MHz

	Channel model
	UMi

	BS Tx power 
	41dBm

	BS antenna configuration
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1); (dH,dV) = (0.8, 0.5)λ

	BS TXRU mapping
	(MTXRU, NTXRU, P, Mg, Ng) = (2, 4, 2, 1, 1)

	UE antenna configurations 
	2Rx, Cross-polarized with 0, 90deg

	UE antenna height
	Follow TR36.873

	UE antenna gain
	Follow TR36.873

	UE receiver noise figure
	9 dB

	Traffic model
	Non-Full buffer, FTP model 1, 500KB packet size

	UE distribution
	80% Indoor
20% Outdoor

	Scheduler
	PF

	HARQ scheme
	CC with up to 3 retransmissions

	UE receiver type
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	MIMO mode
	MU-MIMO with rank adaptation
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