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1 Introduction
In the RAN1#49bis Orlando meeting, several contributions [1][2][3] discussed the subset restriction of the ZC sequence cyclic shift (CS)  and  Orthogonal Cover (OC)  combinations, in order to combat the time and frequency selectivity in the channel and provide robust reception performance for UEs at all speeds and all channel environments.

In this contribution, we first study the cross-interferences between different pairs of OCs at high speeds. Using the observations from this study, we obtain guidelines that are useful in deriving a subset of CS/OC combinations that is robust at high speed and selective channels, assuming 18UEs in the system. Examples of the CS/OC combination subset designs are also included in this contribution. More details on subset selection for supporting different UE numbers (12,18,36,etc) in various system configurations can be found in a companion contribution [4].
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Figure 1: Current working assumption on UL ACK and RS channels
Figure 1 shows the current working assumption on the transmission block of UL ACK channel and reference signal (RS). Since the position of the RS long block (LB) is not determined yet, it is only for illustrative purpose. ACK/NAK signals and the UL RS for ACK/NACK demodulation are multiplexed on the code channels constructed by both a Zadoff-Chu sequence and an orthogonal cover. For ACK channels, a Zadoff-Chu sequence with a particular cyclic shift 
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 is applied on time domain LB’s.
2 Cross-interference between different pairs of OCs
In this study, we focus on the following set of Walsh codes as OCs:

c1 = 0.5*[1, 1, 1, 1];

c2 =0.5*[1, -1, 1, -1];

c3= 0.5*[1, 1, -1, -1];

c4 =0.5*[1, -1, -1,1];
Assuming a high-speed of 360km/h, we show the CDFs of the cross-interferences between different pairs of OCs  in Figure 2    below. 
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Figure 2: Cross-interference between different OC pairs. 1-path Raleigh fading, 360km/h. The location of the RS and ACK symbols are shown in Figure 1. R(1,2) denotes the cross-interference between OC 1&2. 
Two observations can be made:

1. If only three OCs are used, then any set of three OCs are equivalent to  each other in the cross-interference sense. Furthermore, the three OCs within any set can be labeled A, B, C. The exact mapping between A, B, C and the three OCs are shown in Table 1 below for all 4 possible combinations of three OCs.  For example, for the set of {c1,c2,c4}, A is c1,  B is c4 and C is c2.
Table 1: Equivalent mapping between all sets of three OCs.

	Set of three OCs
	A
	B 
	C

	S1={c1, c2, c3} 
	c2
	c3
	c1

	S2={c1, c2, c4}
	c1
	c4
	c2

	S3={c1,c3,c4}
	c4
	c1
	c3

	S4={c2,c3,c4}
	c3
	c2
	c4


2. Within any set, “A” is a “special” OC, since  interference between (A,B) and (A,C) are both small. On the other hand, the interference between (B,C) is large and should be avoided as much as possible.
3. Cross-interference between (A,B) is smallest.

3 Subset selection for OC/CS combinations
We proceed to provide an example subset selection design for the OC/CS combinations.  We attempt to support 18 users with 3 OCs, as shown in Table 2 below. In this approach, since the cross interference between (A,B) is smallest, we share the same set of CSs between the two subsets  using A (A/N #0-5)  and B (A/N #12-17) as orthogonal covers.  The code C is used for the middle column where an additional cyclic shift  provides additional protection against interferences between (A,C) and (B,C).
One example set of OC codes {A,B,C} is A=c1, B=c4 and C=c2, as given in the second row of Table 1.
Furthermore, Node-B can optionally assign as many high-speed UEs as possible to the ACK/NACK channels using orthogonal cover A.  In the case where all high-speed UEs are confined to orthogonal code A, the impact of high-speed interference is minimized since both (A,B) and (A,C) cross-interferences are relatively small.

Table 2: Subset selection of OC/CS combinations.

	 
	Block-wise spreading code w(i) 

	Cyclic shift within a LB
	A
	C
	B

	0
	ACK/NACK#0
	 
	ACK/NACK#12

	1
	 
	ACK/NACK#6
	 

	2
	ACK/NACK#1
	 
	ACK/NACK#13

	3
	 
	ACK/NACK#7
	 

	4
	ACK/NACK#2
	 
	ACK/NACK#14

	5
	 
	ACK/NACK#8
	 

	6
	ACK/NACK#3
	 
	ACK/NACK#15

	7
	 
	ACK/NACK#9
	 

	8
	ACK/NACK#4
	 
	ACK/NACK#16

	9
	 
	ACK/NACK#10
	 

	10
	ACK/NACK#5
	 
	ACK/NACK#17

	11
	 
	ACK/NACK#11
	 


4 Simulation results
We assume 18 UEs in the system, each traveling at 360km/h. Note that TU channel model is used in all simulations.  The subset selection of Table 2 is used in our simulations. Furthermore, as we stated in Section 2, any set of 3 OCs should achieve the same performance. Therefore, without loss of generality, we test two cases where in Case 1, we have {A=c1,B=c4,C=c2}; and in Case 2, we have {A=c3, B=c3, C=c4}, as shown in the Table 3 below. 

Table 3: Two test cases. 
	
	A
	B 
	C

	Case #1: S2={c1, c2, c4}
	c1
	c4
	c2

	Case #2: S4={c2,c3,c4}
	c3
	c2
	c4


In addition the testing of the two cases, we also included single UE result and an example of non-optimized OC/CS subset selection case for comparison, as shown in Figure 3 below.  Note that the example of non-optimized OC/CS subset selection case is defined in Annex, and that the single UE case can be viewed as a performance upper bound.  It is observed from these results that: (a) Case #1 and #2 provide the same results, verifying our assertion that any sets of three OCs are equivalent; (b) Both Case#1 and #2 are within 0.5dB of the single UE performance bound.
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Figure 3: Performance evaluation of the subset selection method.
5 Conclusion 
In this contribution, we study the cross-interferences between different pairs of OCs at high speeds. Using the observations from these results, we derive a subset of CS/OC combinations that is robust at high speed frequency selective channels, assuming 18UEs in the system. We conclude that any set of three OCs (S1,S2,S3,S4 as defined in Table 1) provides the same performance,  as long as the joint OC/CS subset selection follows the approach specified in Table 2.  Simulation results show that the proposed approach is robust at high speeds, since it almost completely suppressed the intra-cell interferences in a 360km/h TU channel.

On the other hand, although the inter-cell interference aspect is not  the focus of this contribution, we suggest that since the four sets of three OCs perform the same from intra-cell interference point of view, we can obtain additional inter-cell interference averaging by assigning different OC subsets to different cells.  For example, we assign S1( Cell #1, S2(Cell#2, etc. The exact performance benefit of this cell-planning type of OC subset assignment is FFS.
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7 Annex: Example of Non-optimized OC/CS selection used in Figure 3.

	 
	Block-wise spreading code w(i) 

	Cyclic shift within a LB
	c1
	c2
	c3

	0
	ACK/NACK#0
	 
	ACK/NACK#12

	1
	 
	ACK/NACK#6
	 

	2
	ACK/NACK#1
	 
	ACK/NACK#13

	3
	 
	ACK/NACK#7
	 

	4
	ACK/NACK#2
	 
	ACK/NACK#14

	5
	 
	ACK/NACK#8
	 

	6
	ACK/NACK#3
	 
	ACK/NACK#15

	7
	 
	ACK/NACK#9
	 

	8
	ACK/NACK#4
	 
	ACK/NACK#16

	9
	 
	ACK/NACK#10
	 

	10
	ACK/NACK#5
	 
	ACK/NACK#17

	11
	 
	ACK/NACK#11
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