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1. Introduction

In RAN1 #68bis meeting, there is one working assumption as follows

Conclusion:
Working assumption is Alt 3. Could be revisited after checking if Alt 3 supports the four cases in the table, if the range of the cinitCSH that needs to be signaled, and other relevant aspects.
	Config.:
	Supported by Alt.2?
(Alt.1 supports all configurations)
	(BSIUEA,CSHUEA), (BSIUEB,CSHUEB)
	Supported orthogonality:
	Supported interference randomization:
	Area splitting gain?

	1a
	Yes
	(A,A),(A,A)
	CS (same BW)
	SGH
	No

	1b
	Yes
	(A,A),(A,A)
	OCC (any BW)
	No
	No

	2
	No
	(A,A),(B,A)
	OCC (any BW)
	Different BSI
	Yes

	3
	No
	(A,A),(A,B)
	CS (same BW)
	Different CSH
	Yes


Table 1: Summary of DMRS configurations.

Alt3 is as follows.
· A RRC configuration includes the following RRC defined UE specific parameters, {VCID, cinitCSH}.

· VCID is used to derive base sequence.

· cinitCSH substitutes cinit in the CSH initialization (nPN(nS)).
In this document, we first review whether the Alt3 can support all the four cases in Table 1. Then we suggest rang of cinitCSH if Alt3 is implemented.
2. The configuration of BSI, CS and CSH
The base sequence index (BSI) of one UE is determined by two parameters as group index (u) and sequence index (v). The formula to determine the group index (u) is as follows.
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In (1), the group hopping pattern fgh(ns) is defined as follows.
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In (1), the sequence shift pattern fss for PUSCH is defined as follows.
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In (2), the pseudo-random sequence c(i) shall be initialized with 
[image: image4.wmf]ú

ú

û

ú

ê

ê

ë

ê

=

30

cell

ID

init

N

c

 at the beginning of each radio frame. In (3), the Dss is configured by higher layer.
From the above, it is known that if UE is informed by the NIDcell and Dss, it can calculate the group number (u).
The formula to determine sequence number (v) is as follows, where the pseudo-random sequence c(i) shall be initialized with 
[image: image5.wmf]ú

ú

û

ú

ê

ê

ë

ê

=

30

cell

ID

init

N

c

 at the beginning of each radio frame.
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In summary, the UE can determine the BSI if the NIDcell and Dss are informed.
On the other hand, the formula to determine cyclic shift (CS) is as follows.
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In (5), the nDMRS(1) is determined by higher layer parameter cyclicShift, and nDMRS(2) is dynamically signalled by eNB, in the Cyclic Shift Field within the most recent uplink-related DCI [2]. The cyclic shift hopping (CSH, nPN(ns)) pattern is determined as follows.
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In (6), the pseudo-random sequence c(i) shall be initialized with 
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 at the beginning of each radio frame. It implies the CSH [nPN(ns)] is varying with cell ID NIDcell and sequence shift pattern fss. Considering the sequence shift pattern fss is determined by NIDcell and Dss, the CSH [nPN(ns)] is determined by the two parameters NIDcell and Dss. But since in Alt3 the cinitCSH is used to substitute cinit, the CSH is determined only by cinitCSH.
In summary, the UE can determine the CS if the nDMRS(1), nDMRS(2) and cinitCSH are signalled. 
3. Table 1 Cases supported by Alt 3
As we describe in section 1, in alternative 3 the UE can be configured with two parameters as {VCID, cinitCSH}, where VCID is used to substitute the NIDcell to derive BSI and the cinitCSH is used to substitute cinit to initialize CSH pattern [nPN(ns)]. As we summarize in section 2, the BSI (u and v) is determined by NIDcell and Dss, where Dss is configured by higher layer.
3.1 Case 1a and 1b
For both case 1a and 1b, by configuring the same VCID for two UEs, they could have the same BSI (u and v) if the Dss of the two UEs are also configured as the same. On the other hand, by configuring the 2 UEs with the same cinitCSH, both UEs would have the same CSH [nPN(ns)].
For case 1a, to realize inter-cell DM-RS orthogonality via CS by Alt 3, we can configure the 2 UEs with different nDMRS(1) but the same value in the Cyclic Shift Field in the uplink-related DCI to have the same nDMRS(2), as described in (5). Since the 2 UEs are with the same CSH [nPN(ns)] but different nDMRS(1), the CSs of the 2 UEs are different. Due to the BSIs of the 2 UEs are the same but with different CS, the DMRS sequences of the 2 UEs are orthogonal. So, Alt3 support inter-cell orthogonality in case 1a. 
For intra-cell interference randomization, since both the BSI and CSH of the 2 UEs are the same, the interference correlation between the 2 UEs would not be randomized.  
Due to Alt3 supports inter-cell orthogonality only in case 1a, we consider it does not support area splitting gain in this case.
For case 1b, we need to realize inter-cell DM-RS orthogonality via OCC by Alt 3. Due to the OCC is determined by the value in the Cyclic Shift Field within the most recent uplink-related DCI, we configure the 2 UEs with different values in the Cyclic Shift Field (and thus different nDMRS(2) and OCC) but with the same nDMRS(1). Through this way, the layers of one UE adopt different CSs or OCCs from the layers of the other UE. Thus, Alt3 support inter-cell orthogonality in case 1b.
For intra-cell interference randomization, since both the BSI and CSH of the 2 UEs are the same, the interference correlation between the 2 UEs would not be randomized.

Due to Alt3 supports inter-cell orthogonality only in case 1b, we consider it does not support area splitting gain in this case.
3.2 Case 2
For this case, we need to configure UE 1 and UE2 with different BSIs but with the same CSH by Alt3. As BSI is determined by NIDcell and Dss, we can configure either different NIDcell and/or different Dss for the 2 UEs. On the other hand, the CSH is determined by cinitCSH which is UE-specific parameter, so the 2 UEs could have the same CSH. 
It is not possible to realize inter-cell orthogonality via CS but the only way is OCC, since the BSIs of the 2 UEs are different. Similar to section 3.1, we configure the 2 UEs with different values in the Cyclic Shift Field but with the same nDMRS(1). Thus, Alt3 support inter-cell orthogonality in case 2.
For intra-cell interference randomization, due to the BSIs of the 2 UEs are different but the CSHs are the same, we consider the interference randomization is supported by Alt3 in case 2.
Due to Alt3 supports both the inter-cell orthogonality and the intra-cell interference randomization in case 2, we consider it supports area splitting gain in this case.
3.3 Case 3
For this case, we need to configure UE 1 and UE2 with the same BSI but with different CSHs by Alt3. As the BSI is determined by NIDcell and Dss, we can configure the 2 UEs with either the same NIDcell and the same Dss, or different NIDcell and different Dss such that the resulting BSIs are the same. And, as the CSH is determined by the UE-specific parameter cinitCSH, it is easy to configure the 2 UEs with different CSHs.
To realize the inter-cell orthogonality, configuring different CSs for the 2 UEs is a convenient way since the BSIs of the 2 UEs are the same. As the CSHs of the 2 UEs are different, the CSs of the 2 UEs are different even they have the same nDMRS(1) and the same values in Cyclic Shift Field within the most recent uplink-related DCI. Thus, Alt3 support inter-cell orthogonality in case 3.
To support intra-cell randomization, due to the BSIs of the 2 UEs are the same but the CSHs are different, it is also considered the 2 UEs are with interference randomization. Thus, Alt3 support inter-cell randomization in case 3. 
Due to Alt3 supports both the inter-cell orthogonality and the intra-cell interference randomization in case 3, we consider it supports area splitting gain in this case.

3.4 Observations
Consequently, we summarize the results in the table 2, the differences from Table1 are marked in red. 
	Config.:
	Supported by Alt.3?

	(BSIUEA,CSHUEA), (BSIUEB,CSHUEB)
	Supported orthogonality:
	Supported interference randomization:
	Area splitting gain?

	1a
	Yes
	(A,A),(A,A)
	CS (same BW)
	No
	No

	1b
	Yes
	(A,A),(A,A)
	OCC (any BW)
	No
	No

	2
	Yes
	(A,A),(B,A)
	OCC (any BW)
	Different BSI
	Yes

	3
	Yes
	(A,A),(A,B)
	CS (same BW)
	Different CSH
	Yes


Table 2: Summary of DMRS configurations supported by Alt3.
4. Conclusion
In this document we consider the four cases in Table 1, to check whether all of them can be supported by Alt3. From our analysis, the result is positive, it implies the DM-RS sequence can be determined by two RRC signalling parameters as {VCID, cinitCSH}.
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