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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#94bis, it is agreed that time-domain circular characteristics should be satisfied for RIM-RS design [1]:
	Agreements:
· Time-domain circular characteristics should be satisfied for NR-RIM design. The following alternatives are used for further evaluation.
· Alt 1: 1 symbol RS using existing CSI-RS with comb-like structure in frequency-domain; 
· Comb factor = 2 and 4;
· Alt 2: 2 symbol RS, where two copies of the RS sequence are concatenated and one CP is attached at the beginning the concatenated sequences; 
· Alt 3: 2 symbol RS, where the CP is separately added to the front of each OFDM symbol, but in frequency domain, the RIM-RS in different OFDM symbols need to be multiplied with different linear phase rotation factors.
Note that Alt 2 and Alt 3 may be identical in terms of performance. It is claimed that Alt 3 can use the same FFT as PDSCH generation. Under proper CP design, Alt 2 can also use the same FFT as PDSCH generation.


In RAN1#95, it is again agreed that time-domain circularity should be supported. Also, a 2-OFDM-Symbol RS with comb-1 is considered as the basic RIM-RS resource. 
	Agreements:
· The 2OS RS with comb-1 is recommended as the basic RIM RS resource. 
· The 2OS is corresponding to the RIM RS SCS.
· FFS whether to support additional # of symbols for RIM RS
· If supported, it is achieved based on the the basic RIM RS resource
· Time-domain circular RS with 2 OFDM symbols (i.e., Alt2 or Alt 3) is supported for RIM RS.
· Note: For Alt 2, the length of CP plus the length of the concatenated sequences equal to the length of 2 OFDM symbols
· Further discussion offline to down-select between Alt 2 vs. Alt 3 during this week
· Alt 2 is supported, while Alt 3 is not supported

Concerns from Huawei: It’s Huawei’s strong belief that time-domain circularity is lost by using Alt 2 when RS is generated, with mapping with time repetition into more than one consecutive basic RIM RS resources which results in bad detection performance. 


In this paper, we compare the time-domain circularity between Alt.2 and Alt.3 with different numbers of basic RIM-RS resources.

[bookmark: _Ref129681832]Discussions
RIM-RS with Alt.3
For Alt.3, the RIM-RS includes X (X ≥ 2) OFDM symbols, where the CP is separately added to the front of each OFDM symbol. In frequency domain, the RIM-RS in different OFDM symbols are multiplied with different linear phase rotation factors. The linear phase rotation factor can be , where L is the CP length, k is the subcarrier index, N is the FFT/IFFT size of the OFDM symbol, and m is the index of the OFDM symbol within the X OFDM symbols (0≤m≤X-1).
· For the X OFDM symbols, after multiplied with X different linear phase rotation factors, the time domain circularity between all X OFDM symbols is guaranteed. This is because that each of the phase rotation factor compensates are linear with the OFDM symbol index (i.e. m), which compensates different phase shift due to the different shift value in time domain. 
· Compared to Alt.2, Alt.3 allows each OFDM symbols has individual phase rotation factor. Therefore, each of the RIM-RS in X OFDM symbols can be multiplied with a linear phase rotation factor. Even for RIM-RS in the first (or the last, depends on which OS is considered as reference) OFDM symbol, it can be regarded as multiplying a special linear phase rotation factor with .
Figure 2‑1 illustrates how the 4 OS RIM-RS guarantees time domain circularity with Alt.3. Note that, the phase rotation factor can be other values, but should guarantee that the difference between the factors of the contiguous OFDM symbols should be   .
[image: ]
[bookmark: _Ref530161270]Figure 2‑1 4 OS RIM-RS with Alt.3.
From Figure 2‑1, we can observe that even for the case when more than 1 basic RIM RS resource are within the X symbols, i.e. 4, 6, or more OS, the time domain circularity can still be satisfied, as long as the linear phase rotation factors are multiplied to the RIM-RS in different OFDM symbols. The RIM-RS with Alt.3 guarantees the time domain circularity in all X OFDM symbols, no matter how many (X) symbols are applied for RIM-RS.
In this case, for X RIM-RS sequences transmitted in X OFDM symbols, at least (X-1) RIM-RS sequences can be successfully detected, since at least (X-1) complete RIM-RS can be observed by (X-1) consecutive OFDM symbols. For the detection windows with a length of (X-1) OFDM symbols, at least one detection window can fully utilize the detection result each of the OS, e.g., the (i+1)th detection window in Figure 2‑2.
[image: ]
[bookmark: _Ref530166958][bookmark: _Ref530166435]Figure 2‑2 Detection of the 4 OS RIM-RS with Alt.3.
Observation 1: Because Alt.3 has additional freedom by phase rotation on each OFDM symbol, RIM-RS with Alt.3 guarantees the time domain circularity for all X OFDM symbols, no matter how many basic RIM RS resource are in the X OFDM symbols.
RIM-RS with Alt.2
For Alt.2, “one CP + 2 copies of the RIM-RS sequence” is considered to generate a RIM-RS within a basic RIM RS resource unit. However, when more than 1 basic RIM RS resource are applied in the X symbols, using Alt.2 will destroy the time domain circularity due to the splicing between the RIM-RS in different basic resource unit. Figure 2‑3 gives an example when 4 OFDM symbols (2 basic resource) are applied to transmit RIM-RS. 
[image: ]
[bookmark: _Ref530163542]Figure 2‑3 4 OS RIM-RS with Alt.2.
It can be observed that by applying Alt.2, the time domain circularity is damaged. This is because that in Alt.2, the CP is separately added in each so-called basic RIM RS resource, and it does not consider the situation when more than one basic RIM RS resources are applied.
When detecting the above RIM-RS signal, due to the damaged time domain circularity, some of the OFDM symbol cannot observe complete RIM-RS, even if such OFDM symbol is completely within the X RIM-RS OFDM symbol. Figure 2‑1 gives an example when detecting the RIM-RS with Alt.2.
[image: ]
[bookmark: _Ref530167039]Figure 2‑4 Detection of the 4 OS RIM-RS with Alt.2.
In Figure 2‑4, it should be noted that the (i+1)th Detection window is expected to have the best detection performance. However, for the (i+1)th detection window, the “2 good OS’s + 1 bad OS” detection performance may even be worse than the case of “2 good OS”. Because that the two pieces of the RIM-RS in the (i+2)th OS may decrease the computation result when combining the correlation result from different OS, due to the shifted self-correlation false peaks.
It has been identified in [2] that the circularity in time domain will be damaged due to applying Alt.2. It is suggested to use additional behavior to generate RIM-RS when more than 2 OS are used to transmit RIM-RS. However, such consideration is just a subset of Alt.3, but it introduces more complicated RIM-RS generation methods. Meanwhile, for Alt.3, no additional branches or signal generation methods is needed, but the time domain circularity can still be guaranteed.
Observation 2: When more than 1 basic RIM RS resource is in the X OFDM symbols, applying Alt.2 will destroy the time domain circularity. 
Transmission occasions for the RIM-RS 
In RAN1#94bis, it is agreed that the RIM-RS is fixed in the last X symbols before the DL transmission boundary:
	Agreements:
· Transmission position of RIM RS-1 in framework 1 and RS in framework 2 is fixed in the last X symbols before the DL transmission boundary, i.e., the ending boundary of the transmitted RIM-RS aligns with the 1st reference point
· X is the number of symbols that RIM RS(s) are mapped to.
· FFS for transmission position of RS-2 in framework 1


 Also, new agreements on RIM RS configuration are reached:
	Agreements:
· A gNB can be configured with multiple RIM RS configurations in a configured RIM RS periodicity 
· Each RIM-RS configuration is referring to the configuration of the resource in time, frequency and sequence for transmission of a basic RIM RS resource 
· For each gNB, multiple configurations of RIM RS-1 share the same frequency resource and sequence
· For each gNB, multiple configurations of RIM RS-2 share the same frequency resource and sequence
· The maximum number of configurations to be decided WI stage
· For different gNB, it is to be decided in WI stage that different frequency resource for RIM RS-1/RS-2 is allowed or not
· For all gNBs, the configured RIM RS periodicity should be same
· Minimum bandwidth of above configured frequency resource is 20MHz if the carrier bandwidth is larger than 20MHz, otherwise the bandwidth of above configured frequency resource is equal to the carrier bandwidth
· Maximum bandwidth to be decided in WI stage
· For each gNB, the number of candidate frequency resource for RIM-RS detection is 1 for bandwidth smaller than 40MHz
· For each gNB, the number of candidate frequency resource for RIM-RS detection is up to Y for bandwidth larger or equal to 40MHz 
· Y is to be decided in WI stage dependent on assumption in WI of the number of ID to be conveyed in a given duration
· It is to be decided if only one of the candidate frequency resource for RIM-RS transmission can be configured for each gNB


Considering both above agreements, when multiple transmission occasions is configured in a periodicity, it has the pattern in the following Figure 2‑5, which is originally from [3] (also marked in Chairman’s note of RAN1#94bis):
[image: ]
[bookmark: _Ref530168520]Figure 2‑5 Multiple transmission occasions within a periodicity (Pattern 1).
With the first agreement that “The transmission location of RIM-RS is fixed in the last X symbols before the DL transmission boundary”, the RIM-RS cannot have the following pattern in Figure 2‑6, where some of the RIM-RS is NOT in the last X symbols before DL Tx boundary:
[image: ]
[bookmark: _Ref530168835]Figure 2‑6 Multiple transmission occasions within a periodicity (Pattern 2).
If the first previous agreement is abandoned to enable the multiple transmission occasions within one DL-UL period, leading to more than one basic RIM RS resource for each DL-UL period, by configuring two or more RIM-RS occasions. However, in this case, using Alt.2 to generate the RIM-RS in different occasions within one DL-UL period will destroy the time domain circularity, as long as the transmission occasions are nearby, which has been explained in the previous section. Such contradiction can be solved by applying Alt.3 to generate RIM-RS, otherwise the time-domain circularity will be damaged.
Observation 3: Given only RIM-RS with Alt.2 is supported, the agreement that “Transmission position of RIM RS-1 in framework 1 and RS in framework 2 is fixed in the last X symbols before the DL transmission boundary” shall be maintained. 

Conclusions
In this paper, we share our views on RIM-RS design. The observations are summarised as follows:
Observation 1: RIM-RS with Alt.3 guarantees the time domain circularity in all X OFDM symbols, no matter how many basic RIM RS resource are in the X OFDM symbols.
Observation 2: When more than 1 basic RIM RS resource is in the X OFDM symbols, applying Alt.2 will destroy the time domain circularity. 
[bookmark: _GoBack]Observation 3: Given only RIM-RS with Alt.2 is supported, the agreement that “Transmission position of RIM RS-1 in framework 1 and RS in framework 2 is fixed in the last X symbols before the DL transmission boundary” is valid.
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