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1. Introduction

In the previous RAN1#62-bis meeting, there are some agreements on CS and OCC configuration for UL DM-RS as following [1].

- Take the initial PDCCH-based OCC/CS table in R1-105747 as working assumption. 

▪ The following part could be revisited if there is consensus that PHICH collision issue is not relevant

▫ Whether or not to have a revised table that allows up to 2 rows can supports OCC switching from layer 1 to layer 2

▪ FFS whether to allow switching between the above table and the above-mentioned revised table that supports OCC switching 

- Initial PDCCH-based OCC/CS mapping table (copied from R1-105747)

▪ The mapping of CSI to nOCC,0 is 

▫  [1 1] for CSI={000,011,100,111} 

▫  [1 -1] for CSI={001,010,101,110} 

▪ OCC for layer k is derived from CSI considering both SU-MIMO and MU-MIMO

▫ For the following 4 CSI values {000,001,010,111}: nOCC,k= nOCC,0 for k=1 and nOCC,k=1-nOCC,0 for k=2,3

▫ For the remaining 4 CSI values {011,100,101,110}: nOCC,k= nOCC,0 for k=1,2,3

▪ Use the following mapping table (Table 1):
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This contribution discusses the remaining issues on CS and OCC configuration – ‘Whether or not to have a revised table’ and ‘FFS whether to allow switching between the above table (=Table 1) and the above-mentioned revised table’, and presents our views. 
2. CS/OCC configuration for UL DM-RS
From the previous meetings in UL DM-RS session, there are conclusions on CS and OCC configurations for UL DM-RS as follows.
- 1st layer’s CS value (nDMRS,0(2)) and 1st layer’s OCC index (nOCC,0) is implicitly indicated from 3bits CSI

- CS values of other layers are implicitly indicated from 1st layer’s CS value with CS offsets (∆k)
- OCC indexes of other layers are implicitly indicated from 1st layer’s OCC index by OCC mapping rule(s) and the OCC mapping rule(s) is associated with CSI values.

The possible OCC mapping rules (OCC for layer k), are that 
▪ OCC mapping rule A : nOCC,k =nOCC,0  for k=1 and nOCC,k =1-nOCC,0  for k=2, 3
  ▫ OCC supporting for SU-MIMO with rank 3, 4 transmissions and MU-MIMO with rank
 1, 2 transmissions 
▪ OCC mapping rule B : nOCC,k =nOCC,0  for k=1, 2, 3
▫ OCC supporting for MU-MIMO with rank 1, 2, 3, 4 transmissions

▪ OCC mapping rule C : nOCC,k =1-nOCC,0  for k=1,3 and nOCC,k =nOCC,0  for k=2
▫ OCC supporting for SU-MIMO with rank 2 transmissions

From the above, for OCC configuration in UL DM-RS, we can consider 2 options depending on the OCC mapping rules as following Table 2. In Table 2, Option A is the ‘working assumption’ - Initial PDCCH-based OCC/CS mapping table from R1-105747 (Table 1 in section 1) and Option B is the ‘revised table’ - allows up to 2 rows can supports OCC switching from layer 1 to layer 2.
Table 2 : 2 options for OCC configuration
	
	For 4 of CSI values (agreed)
	The other 4 CSI values

	Option A
	OCC mapping rule A
	OCC mapping rule B

	Option B 
	OCC mapping rule A
	OCC mapping rule B (2 CSI)
	OCC mapping rule C (2 CSI)


The possible supportable MIMO cases (SU-MIMO
/MU-MIMO
) with OCC for each OCC mapping rule is that

▪ OCC mapping rule A : SU-MIMO with rank 3, 4 transmissions and MU-MIMO with rank 1, 2 transmissions

▪ OCC mapping rule B : MU-MIMO with rank 1, 2, 3, 4 transmissions

▪ OCC mapping rule C : SU-MIMO with rank 2 transmissions

The number of possible CSI values that can be allocated for each MIMO cases with supporting OCC in each Option is described in Table 3.
Table 3 : The number of possible CSI values that can be allocated for each MIMO case with supporting OCC
	
	SU-MIMO (rank 2)
	SU-MIMO (rank 3,4)
	MU-MIMO (rank 1,2)
	MU-MIMO (rank 3,4)

	Option A 
	
	4 CSI values
	8 CSI values
	4 CSI values

	Option B 
	2 CSI values
	4 CSI values
	6 CSI values
	2 CSI values


(1) OCC mapping rule with consideration on PHICH resource assignment 
PHICH resource assignment is dependent upon two parameters - PHICH group number (
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where 
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We assume that 
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From the above, if 
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, PHICH resource collision is occurred between two UEs (as shown in Figure 1) where 
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Two PHICHs could be required for multiple codeword transmission as agreed in RAN1#60-bis. For this, it is baseline assumption that the first PHICH is determined by Rel-8 equation, the second is determined by replacing (lowest PRB index) with (lowest PRB index+1) in the same Rel-8 equation. 
From the above, for multiple codeword transmission, the PHICH resource collision can be occurred if 
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 is constant in all subframes for frame structure 1, the avoidance of PHICH resource collision can be achieved by scheduling of the value of 
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Case 1 : MU-MIMO with non-equal sized BW UE paring 
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Figure 1 Illustration for restrictions of PUSCH resource allocation to avoid PHICH resource collision (for Option 2)

If all of the 8 CSI values can be allocated for two UEs in SU-MIMO and MU-MIMO, the flexible scheduling of the value of 
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 is possible to avoid PHICH resource collision as Rel-8. 
In Option A (Table 1- ‘working assumption’), 4 CSI values can be allocated for two UEs in MU-MIMO with rank 3 and 4 transmissions. In these cases, the possible number of the value of 
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 is reduced due to the half of the possible CSI values, and the flexibility of PHICH resource assignment could be reduced
However, this would not necessarily bring any serious PHICH resource collision problem, and the PHICH resource assignment without collision could be done with tolerable restriction on the scheduling. The most serious PHICH resource collision problem exists in Option B due to the lack of available number of CSI values (=2), where this causes serious restriction on PUSCH resource allocation.

In Option B (‘revised table’), only 2 CSI values can be allocated for two UEs in MU-MIMO with rank 3 and 4 transmissions (only one CSI value can be allocated for each UE), and for UEs in SU-MIMO with rank 2 transmissions. In these cases, the value of 
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 has certain values, the PHICH resource collision could be occurred (the flexibility of PHICH resource assignment could be seriously restricted). That is, there could be many restrictions for PUSCH resource allocation to avoid PHICH resource collision. 
(It is described in Figure 1, and detailed examples are in Appendix A.)
The PHICH collision issue is seriously relevant to the Option B (‘revised table’ that allows up to 2 rows can support OCC switching from layer 1 to layer 2).

Therefore, we propose that a revised table is not needed.
(2) Switching between tables for CS/OCC configuration
In [1], it is FFS that whether to allow switching between the ‘Table 1’ (=‘working assumption’, Option A) and the ‘revised table’ (=Option B) that supports OCC switching.
If we allow switching two tables, we can adaptively apply CS/OCC configuration for each MIMO cases. For example, the ‘revised table’ could be selected between two tables to support OCC for SU-MIMO with rank 2 transmissions (=OCC switching from layer 1 to layer 2). 

Although the switching between the ‘Table 1’ and the ‘revised table’ is allowed, the PHICH collision problem as mentioned in section 2-(1) is not disappeared. Because the cases that cause the lack of available number of CSI values (=only 2) to allocated UEs still exist from selecting the ‘revised table’.
If each CSI group having different OCC mapping rule in ‘revised table’ consists of at least 4 CSI values, the flexibility of PHICH resource assignment would be the same as with the ‘Table 1’. However, the aforementioned ‘revised table’ has 3 CSI groups which follow OCC mapping rule A/B/C – each CSI group consists of 4/2/2 CSI values.

On the other hand, we can consider other types of revised table in which each CSI group consists of at least 4 CSI values if the switching between two tables should be necessary - for example, the revised table has two CSI groups having 4 CSI values, and the one CSI group follows OCC mapping rule B, and the other CSI group follows OCC mapping rule C. However, for this other type of revised table, some of the agreements in UL DM-RS section should be modified, and due to the lack of time, this would not be quite practical at this moment.
Therefore, we propose that the switching between the tables should not be allowed.
3. Conclusion

In this contribution, we discuss the remaining issues on CS and OCC configuration – ‘Whether or not to have a revised table that allows up to 2 rows can supports OCC switching from layer 1 to layer 2’ and ‘FFS whether to allow switching between the above table (=Table 1) and the above-mentioned revised table’. 

The ‘revised table’ (=Option B) has a merit - OCC supporting for SU-MIMO with rank 2 transmissions. But, the merit is not significant enough due to the minimal gain it brings to the lower rank case (= rank 2 transmissions). Furthermore, in the ‘revised table’, the flexibility of PHICH resource assignment could be seriously restricted. Especially in SU-MIMO with rank 2 transmissions and MU-MIMO with rank 3 and 4 transmissions, there are problematic cases on PHICH resource assignment due to the lack of available number of CSI values (=only 2 CSI values), and there could be many restrictions for PUSCH resource allocation to avoid PHICH resource collision as mentioned in section 2-(1).
Therefore, we propose that; 
- A revised table is not needed
- The switching between the tables should not be allowed  
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Appendix A – Examples for restrictions of PHICH resource assignment 
From the section 2-(2), 
if 
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, PHICH resource collision is occurred between two UEs.

For multiple codeword transmission, the PHICH resource collision can be occurred if 
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Example 1 : 
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Therefore, if 
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, PHICH resource collision is occurred between UE 1 and UE 2.

→ There are restrictions for PUSCH resource allocation to avoid PHICH resource collision
- avoiding allocation with 4, 5, 6, 20, 21, and 22 PRB difference between UE 1 and UE 2

Example 2 : 
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Therefore, if 
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, PHICH resource collision is occurred between UE 1 and UE 2.

→ There are restrictions for PUSCH resource allocation to avoid PHICH resource collision

- avoiding allocation with 2, 3, 4, 18, 19, 20, 34, 35, and 36 PRB difference between UE 1 and UE 2

Example 3 : 
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Therefore, if 
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, PHICH resource collision is occurred between UE 1 and UE 2.

→ There are restrictions for PUSCH resource allocation to avoid PHICH resource collision

- avoiding allocation with 1, 7, 8, 9, 15, 16, 17, 23 and 24 PRB difference between UE 1 and UE 2

� In MU-MIMO cases of this contribution, it means ‘rank per a UE’.


� In this case, MU-MIMO with equal BW resource allocation can be also included.


� Especially, MU-MIMO with non-equal BW resource allocation


� In SU-MIMO with rank 3 and 4 transmissions, OCC mapping rule C could not satisfy ‘maximum orthogonality between layers’ which is achieved by application of different OCC indexes for the layer-pairs having relatively close CS values between layers. With agreed CS offset values for each layer, the different OCC indexes could not be applied for the layer-pairs having relatively close CS values between layers. (For example, CS offsets for 4 layers are 0,6,3,9. Therefore, different OCC indexes are applied for CS value 0 and 6 (CS values 3 and 9) instead of CS value 0 and 3 (CS value 6 and 9) in OCC mapping rule C.)
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