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1 Introduction
A large effort has been spent in evaluating the performance and SU/MU-MIMO configurations enabled by the joint use of CS and OCC during previous RAN1 meetings. During RAN1 #61 meeting it was concluded to:

· Introduce  OCC in Rel-10 without increasing UL grant signaling overhead

· OCC can be used for both SU and MU-MIMO
· Continue discussion on Sequence hopping/ Sequence group hopping until next meeting
· Keep Rel-8 mechanism

· Introduce new hopping mechanism

This contribution builds upon our previous contribution on configurations of UL DM RS [1] and discusses the support of various MIMO configurations taking into account the interactions of UL DMRS signaling with PHICH allocation. 

2 Working Proposals for UL-DMRS

Several companies have proposed different strategies for signaling Cyclic Shift (CS) and OCC patterns in case of multi-layer transmission. 

Some companies [1]-[3] have discussed the introduction of patterns designed for each rank in order to enhance efficiency in the joint signaling of CS and OCC and to maximize scheduling flexibility. Tables are rank-specific and include up to 8 patterns of CS/OCC values each. Each pattern defines the CS and OCC per each layer in a freely configurable way. The specific pattern is signaled by use of 3 bits on PDCCH as originally provided for Rel-8 CS signaling. 

One possible signaling scheme that falls under the framework of rank specific patterns is found in [4]

 REF _Ref264984760 \r \h 
[5] and is based on explicit signaling of the CS for the 1st layer on PDCCH and implicit derivation of the CS and OCC values for the remaining layers. The OCC value for the 1st layer is obtained as a function of its CS according to a look-up table. The CS and OCC values for the remaining layers are obtained according to a mapping rule. Since the PDCCH message for dynamic CS mapping (
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) is composed by 3 bits, only 8 out of the available 12 CS values are dynamically signaled. 

3 Problems with DMRS Signaling

3.1 MU-MIMO with Unequal Bandwidth Allocation and Rank-3

According to the available simulation results available in RAN1 [6][7] it appears obvious that the MU-MIMO gain with unequal bandwidth allocation can be achieved only by allowing maximum flexibility in the scheduling of different layer combinations, which should not be limited by DMRS configuration. Thus, it is important to consider the efficiency of layers assignment for MU-MIMO that should not be hampered by constraints imposed by the UL DMRS.

It should also be reminded that in certain deployments the Rel-10 system will be employed with up to 8 receive antennas on the eNB, therefore full MU-MIMO flexibility in terms of combinations of number of layers is of importance in order to exploit the available equipment.

Signaling schemes based on rank-dependent CS/OCC patterns [1]-[3] are capable of achieving both flexibility in layer combinations and CS/OCC allocation efficiency for a number of configurations. On the other hand, the scheme proposed in [4]

 REF _Ref264984760 \r \h 
[5] has an unacceptable limitation not being able to support MU-MIMO with unequal bandwidth allocation with respectively 3 layers and 1 layer per UE. A graphical example of this limitation is provided in Figure 1.
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Figure 1: Example of DMRS patterns for MU-MIMO with 3/1 layers/UE according to the signaling scheme in [4]-[5]. MU-MIMO with unequal bandwidth allocation is not supported by [4][5] because of lack of orthogonality on the DMRS of the different UEs, even in case of TTI SGH.
On the other hand, the scheme proposed in [4]

 REF _Ref264984760 \r \h 
[5] is able to support configurations of practical interest for SU-MIMO and MU-MIMO with up to 2 layers/UE, at least for the single-carrier case (see Section 4). 

Therefore, a better DMRS signaling scheme is obtained if we modify the CS to OCC mapping table from [4][5] only in case of rank-3 in order to fully support MU-MIMO with 3/1 layers/UE so at least MU-MIMO with up to 4 layers have suitable freedom in layer combinations. 

For clarity, the OCC mapping rule for rank-3 from [4][5] is given in Table 1 and Table 2, while a preferable OCC mapping for rank-3 is illustrated in Table 3. For rank 1/2/4 we consider using the same CS to OCC mapping tables as in [4]

 REF _Ref264984760 \r \h 
[5]. 

Table 1. Example of mapping from CS to OCC. Only bold CS values can be indexed by dynamical signaling on PDCCH.
	Cyclic Shift Value: n
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	OCC Index: IOCC = f(n)
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1


Table 2. Example of mapping rule for rank=3 according to [5].
Rank-3 Transmission

	Physical/Virtual Antenna
	DM-RS in Slot 0 & 1

	0
	CS: 
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Table 3. Example of proposed mapping rule for rank=3.
Rank-3 Transmission

	Physical/Virtual Antenna
	DM-RS in Slot 0 & 1

	0
	CS: 
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According to Table 3, 4 DMRS patterns for optimized SU-MIMO and MU-MIMO with equal bandwidth allocation are available as well as 4 DMRS patterns for support of MU-MIMO and unequal bandwidth allocation, thus providing complete support to all the MIMO configurations of interest. A comparison of the rank-3 CS/OCC patterns according to [4][5] and to Table 3 is shown in Figure 2.

a) Available Rank-3 DMRS patterns according to [5] corresponding to Table 2.
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b) Proposed available Rank-3 DMRS patterns according to Table 3.
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Figure 2: comparison of the rank-3 CS/OCC patterns according to a) [4][5] and to b) Table 3. Each shape represents a different available DMRS sequence. The shaded elements indicate the DMRS associated to the first layer for each pattern.

Figure 3 exemplifies the flexibility of the proposed solution by providing an example of MU-MIMO allocation with 3/1 layers/UE according to the signaling scheme in Table 3. Both MU-MIMO with equal and unequal bandwidth allocation are supported.

a) MU-MIMO with equal bandwidth allocation:
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b) MU-MIMO with unequal bandwidth allocation:
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Figure 3: Example of configuration of MU-MIMO transmission with 3/1 layers/UE in case of a) equal and b) unequal bandwidth allocation, according to the scheme in [4]

 REF _Ref264984760 \r \h 
[5] and the modified rank-3 CS to OCC mapping as in Table 3. Ue #1 could possibly be a Rel-8 UE. Both MU-MIMO with equal and unequal bandwidth allocation are supported.

Proposal
· In case implicit signaling of OCC patterns based on the OCC associated to the 1st layer [4]

 REF _Ref264984760 \r \h 
[5] is supported by RAN1, the OCC mapping rule for rank-3 according to Table 3 should be introduced in order to support MU-MIMO with unequal bandwidth allocation as well.

3.2 Sequence/ Group Hopping Granularity

The optional introduction of TTI-based Sequence/Group Hopping (SGH), as opposed to default slot-based SGH, has been discussed in recent RAN1 meetings. The introduction of TTI-based SGH is motivated by enabling the support to MU-MIMO with unequal bandwidth allocation for Rel-10 UEs. 

However, it appears contradictory to take the standardization and implementation efforts of introducing a new TTI-based SGH unless and thereafter not provide sufficient freedom in layer combinations to exploit the new hopping scheme.  Thus, also in this the possibility for coscheduling UEs with 3 and 1 layers each and unequal bandwith allocation should be supported by the DMRS allocation as described, e.g., in Section 3.1. Therefore, we believe that the introduction of a new TTI-based SGH scheme is conditioned on the ability to coschedule UEs with 3 and 1 layers each and with unequal bandwidth allocations.
Observation

· It does not make sense introducing the new TTI-based SGH scheme while preventing the ability to assign DMRS for MU-MIMO UEs with 3 and 1 layers each and with unequal bandwidth allocations.

· An example of suitable DMRS signaling scheme is provided, e.g., in Section 3.1.

4 PHICH Constraints
The employment of CS indexes in the UL-DMRS in order to avoid PHICH collisions is under discussion in RAN1 [8]

 REF _Ref264992934 \r \h 
[9]. In case of Rel-10 with multi-carrier operation, up to 5 UL carriers may be associated to a single DL carrier and up to one of the scheduled UEs can be configured as semi-persistent scheduling (SPS). A single PHICH is generated for each UL transport block.

In order to avoid PHICH collisions it is thus fundamental to allow flexible UL-DMRS configuration for each UL carrier. On the other hand, the supported CS/OCC patterns should enforce the maximum orthogonality properties recommended for multi-layer operation. 

Let 
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 be the index corresponding to the CS index as in the signaling proposal in Section 3.1 and associated to the 1st layer of the k-th codeword for a given UL carrier. In order to avoid PHICH collisions, it is important to assign distinct values of 
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 across the different UL carriers associated to the same DL carrier.
Figure 4 provides an example of UL-DMRS configuration with 2 UL carriers and 2 users per carrier, each employing 2 layers (an equivalent scenario occurs when 4-layers UEs are scheduled on carrier 0). We remark that Figure 4 shows a likely scheduling situation for a Rel-10 system if the DMRS signaling scheme from [4]

 REF _Ref264984760 \r \h 
[5] is used and CSs are assigned for the best separation.

The constraints imposed by PHICH allocation make it impossible to assign an efficient CS/OCC configuration on the 2nd carrier, leading to performance degradation as shown, e.g., in [5]. Similar problems can be shown to appear with other likely scheduling configurations and as few as 2 carriers. 
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Figure 4: Example of CS/OCC configuration according to signaling in [4]

 REF _Ref264984760 \r \h 
[5] for 2 carriers, taking into account PHICH constraints. The orthogonality achieved on carrier #1 is poor.
Considering that settings with up to 5 UL carriers controlled by a single DL carrier need to be supported, we believe that enhancements are needed in the UL-DMRS protocol in order to fully support these configurations without performance degradation. 

Observation

· In case of multi-carrier operation the signaling scheme as proposed in [4]

 REF _Ref264984760 \r \h 
[5] is unable to provide the necessary scheduling flexibility to provide acceptable performance with 2 cross-scheduled CCs. Therefore, improvements on allocation flexibility of DMRS appear to be necessary.

4.1 Proposed Solution: 
[image: image17.wmf]DMRS

n

 to 
[image: image18.wmf])

2

(

DMRS

n

 mapping table update.
Here, one possble solution based on an update of the 
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 mapping table is proposed in order to alleviate the problems related to PHICH constraints in layers allocation as explained in Section 4. 
The PDCCH dynamic DMRS allocation message 
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 has 3-bits length, so only 8 out of the available 12 CSs can be dynamically addressed. The current (Rel-8) 
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 mapping table (Table 1) is based on an irregular distribution of the indexed CSs. However, for SU/MU-MIMO operations, convenient DMRS patterns divide the different layers by multiples of 3 CSs, therefore a more regular  
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 mapping rule is desirable. An example of modified 
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 table is shown in Table 4. 
Table 4. Example of modified mapping from CS to OCC for rank=3. Only bold CS values can be indexed by dynamical signaling on PDCCH.

	Cyclic Shift Value: n
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	OCC Index: IOCC = f(n)
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1


The same example as in Figure 4 (2 UL carriers and 2 users per carrier, each employing 2 layers) but assuming the 
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 mapping rule as in Table 4 is shown in Figure 5. It is now possible to assign  CS/OCC configuration on both carriers, leading to improved link layer performance compared to the scheme in [4][5]. 
We remark that the example allocation in Table 4 offers sufficient orthogonality also in case of MU-MIMO and mixed Rel-10/Rel-8 UEs allocation. 
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Figure 5: Example of CS/OCC configuration according to signaling in [4]
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[5] for 2 carriers and 
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 according to Table 4, taking into account PHICH constraints. The orthogonality achieved on both carriers is optimal.
5 Summary

In this contribution we have discussed how to configure UL DM RS for Rel-10, taking into account performance, flexibility and signaling efficiency requirements for SU/MU-MIMO and PHICH allocation. Based on these considerations, we propose the following:

· In case implicit signaling of OCC patterns based on the OCC associated to the 1st layer [4]

 REF _Ref264984760 \r \h 
[5] is supported by RAN1, the OCC mapping rule for rank-3 according to Table 1 is needed in order to also support MU-MIMO with unequal bandwidth allocation.

· It does not make sense introducing a new TTI-based SGH scheme while preventing the ability to assign DMRS for MU-MIMO UEs with 3 and 1 layers each and with unequal bandwidth allocations.

· An example of suitable DMRS signaling scheme is provided, e.g., in Section 3.1.

· In case of multi-carrier operation the signaling scheme as proposed in [4]

 REF _Ref264984760 \r \h 
[5] is unable to provide the necessary scheduling flexibility to provide acceptable performance even with as few as 2 cross-scheduled CCs. Therefore, improvements on allocation flexibility of DMRS appear to be necessary and should be considered.
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