
3GPP TSG RAN WG1 Meeting #68

R1-120272
Dresden, Germany, 6 – 10 February, 2012
Agenda item:

7.6.1
Source:
Apple Inc.
Title:
Scrambling Sequences for Enhanced PDCCH
Document for:

Discussion/Decision
1 Introduction

This contribution presents a new scheme for scrambling data/control bit sequences in order to overcome the limitation of the existing LTE technology in new deployment scenarios related to CoMP, HetNet, etc. where several low-power nodes or subsets of a macro-cell may share the same physical layer cell identity with the macro-cell. Sharing the same cell identifier by the neighboring nodes would increase intra-cell interference and degrade the channel estimation performance and coherent detection of data and control channels as well as it limits the use of advanced closed-loop SU-MIMO/MU-MIMO techniques. Also, the use of same identifier by subordinate nodes would prevent transmission/reception node identification and switching. The use of different scrambling sequences initialized with unique cell identifiers would achieve interference randomization and helps the UE to separate data and control channels transmitted by different transmission nodes. Since the reference signals (e.g., CRS, DM-RS, CSI-RS) are also scrambled with cell-specific sequences to allow the UE to conduct various channel estimations and mobility measurements on different transmission nodes, the use of unique scrambling sequences would facilitate these functions as well as node selection and switching in homogeneous and heterogeneous networks.
The scrambling sequence generation scheme proposed in this contribution is configurable and can be applied to all LTE Rel-11 data and/or control channels and reference signals where scrambling sequences are initialized with a unique physical ell or node identifier including the enhanced PDCCH, CSI-RS, and DM-RS. The proposed scrambling scheme is backward compatible with the existing method and can be configured for use in the cells which support low-power nodes with the same cell-ID as the macro-cell.            
2 Description of the Proposal
As shown in Figure 1, a heterogeneous network consists of macro-cells and each macro-cell is further divided into smaller sub-cells (e.g., pico-cells, femto-cells, or distributed antenna systems using remote radio heads). The sub-cells may or may not share the same cell identity with the macro-cell. The objective is not only to identify each transmission/reception node with a unique identity such that the transmission from and to this node can be distinguished from that of other nodes within acceptable error margin, but also to identify the overlay macro-cell. From the perspective of the network, only the macro-cell or a cell with a unique physical layer identifier is recognized and is interfaced. If the subordinate nodes or the remote radio heads share the same cell identifier with the macro-cell, they are going to be transparent to the network. The in-bound information to those nodes will be distributed through eNB and the out-bound information from those nodes will be collected and sent to the network by the eNB. This would differentiate the proposed algorithm from trivial assignment of different physical layer identities to each subordinate node and the macro-cell in the network which in the worst case would require the network to recognize and to transmit to and/or receive information from each node separately (i.e., separate S1-U and S1-MME interfaces with each node as well as separate X2 interface between nodes).

As mentioned in the previous section, the existing LTE scrambling sequence generators are initialized by a unique cell identifier. For instance, in the case of PDCCH processing, the scrambling sequence generator is initialized with 
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 at the start of each subframe. For processing of PDSCH, the scrambling sequence generator is initialized at the start of each subframe with the initialization value of 
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where 
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 corresponds to the RNTI associated with the PDSCH transmission. The parameter
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 denotes the codeword number where up to two codewords can be transmitted in one subframe. In the case of single codeword transmission, 
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 is equal to zero. The scrambling sequence
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.
In LTE Rel-8, there are 504 unique physical-layer cell identities. The physical-layer cell identities are grouped into 168 unique physical-layer cell-identity groups, each group containing three unique identities. The grouping is such that each physical-layer cell identity is part of one and only one physical-layer cell-identity group. A physical-layer cell identity 
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is thus uniquely defined by a number
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in the range of 0 to 167, representing the physical-layer cell-identity group, and a number
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 in the range of 0 to 2, representing the physical-layer identity within the physical-layer cell-identity group. 
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Figure 1: Illustration of heterogeneous network layout

There is a one-to-one correspondence between the initialization value
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and the output sequence of the scrambling generating function
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. Given the need for unambiguous identification of the transmission node, we are going to assign different scrambling sequences to each macro-cell and each subset of the macro-cell in the network. A two-level identification procedure is utilized where the first level will identify the eNB or the macro-cell and the second level will identify the subordinate cells of the macro-cell as shown in Figure 2. 
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denote the set of all scrambling sequences. The set
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is divided into two subsets such that
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. The scrambling sequences associated with the macro-cells and those associated with the subordinate transmission nodes are denoted by 
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. The pseudo-random sequences
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are uncorrelated as long as the initialization seeds used to generate these sequences are different. Note that in the case of a homogeneous network (
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), the network comprises only of macro-cells. Consequently, the pair
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will uniquely identify the jth node of the ith cell, where
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denotes the number of macro-cell cell identities and
[image: image27.wmf]()

nodes

Ni

represents the number of transmission/reception nodes within the ith macro-cell. Note that the cell and node identities can be reused in the neighboring cells as long as they are sufficiently geographically far apart such that they cannot cause destructive interference for the UEs and the cell or node identities can be unambiguously detected. Therefore, the assignment and management of these identities are left to the network operators. The drawback of the above approach is the necessity for separately acquiring the Cell-ID and the Node-ID in a heterogeneous network, thus changing the cell identity acquisition procedure of the existing systems, which is not desirable. 
In order to eliminate the need for acquisition of both macro-cell and subordinate node identities an additional assumption is made and that is each set of
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corresponds to the ith macro-cell. Therefore, when
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is detected during cell selection/reselection procedure (shown in Figure 3), it is known to the UE that this is the jth node of the ith macro-cell from which the cell and node identifiers are extractable. Alternatively, the initialization equation of the scrambling sequences for PDCCH and PDSCH (as an example) can be modified as
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, respectively, to reflect the above concept. In the absence of the subordinate nodes in a particular cell, there would be no contribution from the node identity in the derivation of the scrambling sequence initialization values in the above equations.     
In order to relate the above algorithm to the existing scrambling sequence generation scheme, it is proposed that the set of 168 permissible values of
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is divided into two subsets where one group of values are exclusively used for macro-cells and another group of values are used for their corresponding subordinate nodes (if any). Thus
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 values are going to be used the same way for the cell and node identity. The size of the subsets is configurable and depends on the deployment scenario.     
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Figure 2: Two level identification of the macro-cells and their subordinate cells
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Figure 3: Acquisition of the Cell-ID(i) or Node-ID(i,j) during cell selection/reselection process
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Figure 4: Physical processing of a typical transport channel and scrambling generator initialization
The proposed scrambling mechanism is implemented as shown in Figure 4. The data/control bit sequences
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. In the receiver, the UE detects the transmission node identity through cell selection or reselection process,
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, as shown in Figure 3. It is recommended that Rel-8 LTE scrambling sequence generator is used to generate the transmission node-dependent sequences with different initialization values obtained from their corresponding sets. The proposed scheme would allow scanning and detection of transmission nodes (e.g., RRHs) in addition to macro-cells during cell selection/reselection process. The cell selection/reselection process will remain unchanged.

The proposed scheme is backward compatible since the legacy scrambling method is reused and the two-level identification is only related to Rel-11 and beyond compatible network elements.

We believe that the proposed two-level node/cell identification scheme is necessary. The main reason is that a set of transmission nodes are overlaid by a macro-cell and this information is not obtained from independent assignment of identities to transmission nodes and cells. The transmission/reception nodes are required to scramble the reference signals, data, and control information with their provisioned/assigned scrambling sequence. The use of unique scrambling sequences would allow antenna node switching and other advanced multi-antenna techniques in heterogeneous networks. Based on the proposed scheme, the same Rel-8/9/10 reference compliant signals (e.g., CRS, DM-RS, CSI-RS) as well as the same control signaling channels (e.g., PDCCH, PBCH) can be reused. 
3 Simulation Results
Some simulations were conducted to investigate the intra-cell and inter-cell interference randomization property of the scrambling sequences
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generated based on the proposed method. As mentioned earlier, 
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are length-31 Gold sequences which are expected to have very small cross-correlation when generated based on two different initialization seeds. Figures 5 and 6 illustrate the normalized autocorrelation functions (ACF) and cross-correlation functions (CCF) of two length-31 Gold sequences generated by two different initial values in order to demonstrate the required properties of the scrambling sequences.  
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Figure 5: Normalized ACF of length-31 scrambling Gold sequences generated with different initialization values
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Figure 6: Normalized CCF of length-31 scrambling Gold sequences generated with different initialization values
4 Conclusions and Recommendations
A scrambling mechanism for identification of macro-cells and their subordinate transmission nodes was proposed which can facilitate CoMP, HetNet, antenna node switching and other Rel-11 techniques in which the subordinate nodes may share the same cell identity with the macro-cell. It would allow distinction and detection of signals transmitted from low-power RRHs, femto-cells, etc. and would further achieve more interference randomization gain. The proposed method is configurable and backward compatible with earlier releases of LTE and is implemented using the same scrambling sequence generator that is used in Rel-8 of LTE. In light of the benefits of the proposed scrambling scheme, it is recommended that the algorithm is adopted as part of enhancements in PDCCH, CoMP, and other areas where it applies.
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�The pseudo-random sequences are defined by a length-31 Gold sequence. The output sequence � EMBED Equation.3  ���is defined as � EMBED Equation.DSMT4  ���where� EMBED Equation.DSMT4  ���,� EMBED Equation.DSMT4  ���, and � EMBED Equation.3  ���. The first m-sequence is initialized with� EMBED Equation.3  ���. The initialization of the second m-sequence is denoted by � EMBED Equation.3  ��� with the value depending on the application of the sequence. A set of Gold code sequences consists of 2n − 1 sequences each one with a period of 2n − 1.





A set of Gold codes can be generated based on two maximum-length sequences of the same length 2n − 1 such that their absolute cross-correlation is less than or equal to 2(n + 2) / 2, where n is the size of the linear feedback shift register used to generate the maximum length sequence. The set of the 2n − 1 XOR of the two sequences in their various phases is a set of Gold codes. The highest absolute cross-correlation in this set of codes is 2(n + 2) / 2 + 1 for even n and 2(n + 1) / 2 + 1 for odd n. The exclusive OR of two Gold codes from the same set is another Gold code in some phase.
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