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Introduction
In [1], it was agreed to specify measurement and reporting of either L1-RSRQ or L1-SINR in Rel-16. And in previous meetings [2][3], L1-SINR measurement and reporting based on dedicated resource(s) has been agreed. In this paper, we provide our views on the details of L1-SINR measurement and reporting. 
Agreement of #95
· Support L1-SINR measured from
· For signal part, SSB and/or NZP CSI-RS
· FFS: For interference part
· Companies are encouraged to provide simulation results on how to measure/define L1-SINR, e.g. whether interference is measured from dedicated IMR
· For example, take Rel-15 L1-RSRP and/or SINR specified in 38.215 as a comparative reference for evaluation purposes

Agreement of # 95
For interference part, down-select at least one from the following alternative:
· Alt 1: Dedicated resource(s) for interference measurement
· FFS: UE assumes interference signal on the REs of the RS for signal part and REs for dedicated resource(s) for interference measurement similar to specified in 38.214  
· FFS: whether resource(s) for interference measurement can be NZP based or ZP based or both
· FFS: whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement
· Alt 2: The same reference signal as signal part as specified in 38.215
· Alt 3: Alt1 when SSB is used for signal part, Alt2 when CSI-RS is used for signal part
· Companies are encouraged to provide simulation results for down-selection

Agreement of AH
For L1-SINR, interference can be measured based on dedicated resource(s) for interference measurement.
· FFS: UE assumes interference signal on the REs of the RS for signal part and REs for dedicated resource(s) for interference measurement similar to specified in 38.214
· FFS: whether resource(s) for interference measurement can be NZP based or ZP based or both
· FFS: whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement

Background of inter-beam interference
In Rel-15, L1-RSRP is reported for beam selection and data is normally transmitted via the best beam with the highest L1-RSRP. This works well in SU-MIMO based transmission as no inter-beam interference is involved in the transmission. However, in MU-MIMO based transmission where inter-beam interference is involved, the performance of data transmission will degrade when the scheduled beams have mutual interference. Let us take the example shown in Figure 1. Beam 1, 2 and 3 are the serving beams of UE 1, 2 and 3 respectively. Beam 1 can also be received by UE 2 with the same Rx beam used to receive beam 2. In other words, Beam 1 can cause strong interference to UE 2. With only L1-RSRP information, the gNB is unaware of such interference information and thus is not able to avoid the interference. As a result, the gNB may schedule Beam 1 and Beam 2 for UE 1 and UE 2 in the same slot, which leads to transmission error and throughput loss. 
The CSI measurement framework in Rel-15 can be used to address this issue. However, without any preliminary information about the interference, it is difficult to obtain accurate information on inter-beam interference under an acceptable overhead and latency. For example, in order to measure the interference information of a channel resource, the gNB should assume each resource as the interference resource and configure UE to measure the CQI of the channel resource under each interference resource. This brings not only large configuration and computation overhead, but also long measurement latency as the CQIs under different interference hypothesis are reported through different reporting instances.
In this case, Rel-16 intends to study L1-SINR measurement and reporting in BM stage, which can provide some preliminary interference information about the reported beam. Such preliminary interference information can be directly used for MU scheduling, multi-beam/TRP transmission, or used for reducing the CSI measurement overhead and latency.


Figure 1. Example of inter-beam interference in MU-MIMO based transmission
Resource configuration
In the last meeting, it was agreed that dedicated resource(s) for interference measurement can be used for L1-SINR measurement. But how to configure the dedicated interference measurement resource has not been determined yet. Basically, there are two alternatives.
· Alt 1: Channel measurement resources (CMRs) and interference measurement resources (IMRs) are configured in the same resource setting.  
· Alt 2: CMRs and IMRs are configured in two independent resource settings similar to the CSI measurement framework specified in 38.214.



Figure 2. Beams for channel measurement and beams for interference measurement 
In order to compare the two alternatives, we take the following example. From the perspective of implementation, the beams configured for channel measurement are normally the current serving beam and the beams around the serving beam, and the beams configured for measuring the interference are normally the serving beams of other UEs, as only the serving beams of other UEs have the chance to be scheduled and cause interference to the UE. As shown in Figure 2, beam #33 is the current serving beam of the UE, beam {#17, #32, #34, #49} are the 4 beams around the serving beam. Beam {#22, #25, #43, #53, #56} are the serving beams of other UEs. For the simplicity of description, we assume beam #i is mapped to resource #i. It can be found that the CMRs {#17, #32, #33, #34, #49} and the IMRs {#22, #25, #43, #53, #56} usually belong to two independent sets of resources with little overlap. In this case, if the gNB want to measure the interference from other UE beam pairs, it is more reasonable to configure the IMRs in an individual resource setting like the CSI measurement framework specified in 38.214. This is because if the CMRs and IMRs are mixed in one resource setting, the UE will not know which resource is CMR and which resource is IMR, and the UE may have to calculate L1-SINR in an exhaustive manner. This not only increases the computational complexity but also causes the invalid reporting problem.
Table 1 Computational complexity of Alt-1 and Alt-2
	
	Resource configuration
	SINR computation complexity
	Complexity reduction

	Alt-1
	Setting 1 {17, 32, 33, 34, 49, 22, 25, 43, 53, 56}
	10 * 9 = 90 (25 valid L1-SINR, 65 invalid L1-SINR)
	

	Alt-2
	Setting 1 {17, 32, 33, 34, 49}
Setting 2 {22, 25, 43, 53, 56}
	5 * 5 = 25 (25 valid L1-SINR)
	72%



As shown in Table 1, if the UE wants to get the overall inter-beam interference information, it needs to calculate the L1-SINR of each CMR under the interference of each IMR. If CMRs and IMRs are configured in one resource setting, 90 L1-SINRs need to be calculated. While, if they are configured in different resource settings, only 25 L1-SINRs need to be calculated. The computational complexity can be reduced by 72%. Actually, among the 90 L1-SINRs, only 25 L1-SINRs are valid. The remaining 65 L1-SINRs are invalid as they are calculated either with a CMR as the IMR, or with an IMR as the CMR. For example, the L1-SINR of resource #22 under the interference of resource #25 is invalid as resource #22 is an IMR. Moreover, as the UE does not know which L1-SINR is valid, it may report some invalid L1-SINRs to the gNB. Hence, in order to measure the interference from other UE beam pairs, Alt-2 should be supported. Combined with BM procedure, some overhead reduction methods can be considered. For example, when CMR is configured with repetition “off”, the configured IMR resources can be shared by each of the configured CMRs for L1-SINR calculation.
Observation 1: Configuring CMR and IMR in the same resource setting will lead to large measurement complexity and invalid information reporting.
Proposal 1: Support configuring CMRs and IMRs in two independent resource settings similar to the CSI measurement framework specified in 38.214.
Reusing CMR as IMR
According to the agreement in the last meeting, one remaining issue is whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement. In our view, NZP CMR can be reused as IMR in some situations. For example, when group based beam reporting is enabled, the UE will report two CMR(s) to the gNB and the gNB may use the two corresponding Tx beams for data transmission. There will be interference between the two CMRs. Hence, L1-SINR should take the interference between the two CMRs into consideration. When the UE calculates the L1-SINR of one CMR, the other CMR should be assumed as the interference source.
Proposal 2: Support reusing NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement when group-based beam reporting is enabled.
Dedicated resource type
Another remaining issue is the type of the dedicated resource used for interference measurement. Three alternatives are provided for down-selection: NZP based, ZP based or both. ZP based resources can only be used to measure the inter-cell interference. In order to measure the inter-beam interference, NZP based resources are still needed. On the other hand, NZP based resources can be used to measure both the inter-cell interference and inter-beam interference. In this case, it seems not necessary to configure ZP based resource (i.e., CSI-IM resource) for inter-cell interference measurement.    
Proposal 3: Support at least NZP CSI-RS based interference resources for L1-SINR measurement.
Proposal 4: Study further whether to support ZP CSI-RS based interference resources for L1-SINR measurement.  
Report content
With the L1-SINR reported, the beam selection scheme can be refined. For example, with the reported L1-SINR, the gNB is able to select the beam pair suffering the smallest interference from other beams. SLS based simulation is conducted for studying the performance of such mechanism, in which multiple CMR and their L1-SINR(s) are reported. The beam pair with the largest L1-SINR is used for data transmission. The results shown in Figure 3 shows that only 4.9% throughput gain can be obtained with L1-SINR based beam selection comparing to L1-RSRP based beam selection. Then, another scheme is studied, in which the IMR used to calculate the L1-SINR is reported along with the L1-SINR. With the reported IMR and the associated L1-SINR, the gNB is able to learn the interference strength of each reported IMR to CMR. With such information, the gNB can avoid scheduling two beams with strong interference. The simulation results in Figure 3 show that this scheme can provide larger performance gain. Simulation parameters are given in our companion paper [4].
 [image: ]
Figure 3. Performance with different report content
Observation 2: L1-SINR based beam selection can only provide marginal performance gain comparing to L1-RSRP based beam selection. 
Observation 3: Around 22% SE gain can be achieved if the IMR used to measure the reported L1-SINR is reported along with the L1-SINR. 
Proposal 5: Consider to support reporting the IMR used to measure L1-SINR along with the L1-SINR. 
Furthermore, to achieve better performance, reporting L1-RSRP and L1-SINR in the same report was proposed in the last meeting. It was mentioned that when L1-SINR is low, gNB does not know whether it is caused by low signal power or high interference power, and UE need to report L1-RSRP information for assisting subsequent data transmission. However, the reporting overhead will be doubled and reporting both L1-RSRP and L1-SINR have some information redundancy. Thus, UE can report either L1-RSRP or L1-SINR based on the channel condition. If L1-SINR is low, UE can report L1-RSRP, otherwise UE report L1-SINR. In such case, if low L1-SINR is caused by interference, data transmission can fallback to single beam SU transmission, which will bring better system performance for current channel condition. Especially, within beam management procedure, UE can recommend the transmission mode, such as single-beam SU transmission or multi-beam MU transmission. For example, if L1-SINR is high, UE can recommend multi-beam MU transmission; if L1-SINR is low, UE can recommend single-beam SU transmission, by reporting the corresponding L1-RSRP.
Proposal 6: Support UE to report L1-RSRP or L1-SINR based on channel condition (e.g., L1-RSRP is reported if the measured L1-SINR is below a threshold).
L1-SINR definition
In order to minimize specification impact, the definition of CSI-SINR in 38.215 can be adopted for L1-SINR definition with only a small revision on interference measurement.  One example is given below to show the revision on interference measurement.
CSI signal-to-noise and interference ratio (CSI-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying CSI reference signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying CSI reference signals used for interference measurement within the same frequency bandwidth.
In [5], another definition of L1-SINR is proposed, in which the SINR obtained by the method above is further weighted by the RSRP of the beam pair. This definition emphasizes the role of signal power in L1-SINR and the beam with large RSRP can win out in beam selection even through it suffers from large interference. Such definition is not aligned with the definition of CSI-SINR. Hence, such L1-SINR can only be used for beam selection, and cannot facilitate subsequent CSI acquisition and data transmission.
Summary of proposals
Based on the discussions above, we have the following proposals:
Observation 1: Configuring CMR and IMR in the same resource setting will lead to large measurement complexity and invalid information reporting.
Observation 2: L1-SINR based beam selection can only provide marginal performance gain comparing to L1-RSRP based beam selection. 
Observation 3: Around 22% SE gain can be achieved if the IMR used to measure the reported L1-SINR is reported along with the L1-SINR. 
Proposal 1: Support configuring CMRs and IMRs in two independent resource settings similar to the CSI measurement framework specified in 38.214.
Proposal 2: Support reusing NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement when group-based beam reporting is enabled.
Proposal 3: Support at least NZP CSI-RS based interference resources for L1-SINR measurement.
Proposal 4: Study further whether to support ZP CSI-RS based interference resources for L1-SINR measurement.  
Proposal 5: Consider to support reporting the IMR used to measure L1-SINR along with the L1-SINR. 
Proposal 6: Support UE to report L1-RSRP or L1-SINR based on channel condition (e.g., L1-RSRP is reported if the measured L1-SINR is below a threshold).
References
[bookmark: _Ref503361205]RP-182067, “Revised WID: Enhancements on MIMO for NR”, Gold Coast, Australia, Sept 10th – 13th, 2018
3GPP, “RAN1 Chairman’s Notes”, Spokane, USA, November 12th – 16th, 2018
3GPP, “RAN1 Chairman’s Notes”, Taipei, China, January 21st – 25th, 2019
[bookmark: _Ref533763751][bookmark: _Ref528748641]Huawei, HiSilicon, R1-1903094, “Evaluation assumptions of multi-beam operation”, Athens, February 25th – March 1st, 2019
Samsung, R1-1901077, “Enhancements on multi-beam operations”, Taipei, China, January 21st – 25th, 2019


image2.emf
0

16

32

48

1

17

49

2

18

34

50

3

19

35

51

4

20

36

52

5

21

37

53

6

22

38

54

7

23

39

55

8

24

40

56

9

25

41

57

10

26

42

58

11

27

43

59

12

28

44

60

13

29

45

61

14

30

46

62

15

31

47

63

33

Current serving beam of the UE

Beam around the serving beam

Serving beam of other UEs

Resource for channel 

measurement

Resource for interference 

measurement


Microsoft_Visio_Drawing22.vsdx
0
16
32
48
1
17
49
2
18
34
50
3
19
35
51
4
20
36
52
5
21
37
53
6
22
38
54
7
23
39
55
8
24
40
56
9
25
41
57
10
26
42
58
11
27
43
59
12
28
44
60
13
29
45
61
14
30
46
62
15
31
47
63
33
Current serving beam of the UE



Beam around the serving beam
Serving beam of other UEs
Resource for channel measurement
Resource for interference measurement



image3.png
Spectrum efficiency

9.00
8.00
7.00
6.00
5.00
4.00
3.00

1.00
0.00

Performance with different report content

22.1%
4.9% 7.89
6.46 678

mReport L1-RSRP
mReport L1-SINR
mReport L1-SINR + IMR





image1.emf
UE2

Tx beam 2

UE3

UE1


Microsoft_Visio_Drawing11.vsdx
UE2
Tx beam 2
Tx beam 3

Tx beam 1



UE3
UE1




