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1. Introduction

To support 8 transmit antennas (0,1,2,3,4,5,6,7) at the eNB for spatial multiplexing then 8 common reference symbol (CRS) patterns are needed for channel estimation at the UE.  Several methods for mapping and signaling when 8 CRS are supported in a subframe for PDSCH transmissions are described.
2. CRS for Antennas 4,5,6,7 mapped to symbols
One requirement for LTE Advanced is to support eNB transmit configurations with 8 transmit antennas for specific subframes while still allowing backwards compatibility with release-8 UEs by supporting transmit configurations with 4 transmit antennas in other subframes for UEs in the closed loop spatial multiplexing (CLSM) mode.  It is assumed that at most 4 transmit antennas are used in the subframe control regions for LTE Release-8 and LTE Advanced.
Closed loop spatial multiplexing using 8 transmit antennas requires 8 common reference symbol patterns for per antenna channel estimation.  Table 2 below gives different techniques for mapping the CRS patterns along with the method of signaling when 8 CRS patterns are supported instead of 4.  Figure 1 below shows the release-8 CRS mapping for 4 antennas and other possible implementations for 8 CRS.  A special frame Kxj bit bitmap indicates which subframes in a set of K subframes have a special format where first 2 symbols are unicast control region while the rest of the symbols have some special characteristic different from a normal unicast subframe as given by Table 1.  For example, one special subframe format is to have 8 CRS to support 8 antenna PDSCH transmissions using CLSM. The rest of the subframes support only 4 transmit antennas.  The special frame bitmap is signaled via a SIB on the BCCH.

Table 1 – Special Frame Types indicated by K x j bit bitmap where j=3
[image: image1.emf]Bitmap value Subframe State

0 Release-8

1 Release-10

2 MBMS Rel-8

3 8 CRS mapped

4 MBMS Rel-10

5 MBMS Rel-10 + Relays


Table 2 – 8 CRS slot mapping and signaling for 8 antenna eNB transmit configurations
	CRS pattern mapping
	Signaling

	1) Map 4 CRS patterns for eNB tx antennas 4,5,6,7 to symbol 2 
	i) PCFICH state 3
ii) SF type bitmap

	2) Map 2 CRS patterns for eNB tx antennas 4,5 to OFDM symbol 2

    Map 2 CRS patterns for eNB tx antennas 6,7 to OFDM symbol 3
	i) PCFICH state 3

ii) SF style bitmap

	3) Map 4 CRS patterns for eNB tx antennas 4,5,6,7 to symbol 6
	i) No explicit signaling, use rate matching.

	4) Map 2 CRS patterns for eNB tx antennas 4,5 to OFDM symbol 2

    Map 2 CRS patterns for eNB tx antennas 6,7 to OFDM symbol 6
	i) PCFICH state 3

ii) SF style bitmap


* DL Control region size when 8 CRS are mapped is n1 OFDM symbols (n=n1).  Typically n1=3.
Alternatively, the currently unused PCFICH state 3 can be used instead to indicate which subframes support 8 CRS while the other states 0, 1, 2 indicate that only 4 CRS are signaled.  For either method the control regions size is semi-statically set to n1 OFDM symbols when 8 CRS are present where n1 can be set to e.g. n1=3.  The control region size of n=n1 is assumed when PCFICH state = 3 or the signaled special subframe style bitmap indicates an 8 CRS subframe. Of the four options in Table 2, option 3 avoids any impact on the control region.  For extended CP option 3 would map CRS patterns to symbol 5 instead. There is no explicit signaling for option 3 where instead rate matching is relied to avoid link degradation due to symbols punctured by CRS.  Alternatively, one of the explicit signaling methods could be used for option 3.
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Figure 1 – DL CRS mapping to OFDM symbols for 4 and 8 eNB transmit antennas
3. CRS for Antennas 4,5,6,7 mapped to Reserved PRBs
Another option to support 8 CRS for CLSM in a given subframe (see Figure 2 below) is to insert the CRS for the additional 4 transmit antennas into reserved physical resource blocks that span the bandwidth of the LTE carrier.  Subframes with reserved PRBs for CRS can be signaled with either PCFICH state 3 or with the special subframe type bitmap.  However, overhead may be larger than the sparse mapping (every 6th RE) used when CRS are instead mapped to OFDM symbols.  To reduce overhead with the CRS to PRB mapping approach then a distributed allocation can be used such that both data and CRS occupy PRBs.
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Figure 2 – CRS for Antennas 4,5,6,7 mapped to reserved PRBs
4. CRS for Antenna 4,5,6,7 mapped to unused/reserved CCEs

Another option to support 8 CRS for CLSM in a given subframe is to map the CRS for the 4 additional transmit antennas (i.e. antennas 4, 5, 6, 7) into a set of reserved CCEs in the downlink control region.  By reserving 6 CCEs then 54 REs (=36x6/4) per antenna for antennas 4,5,6,7 are available for the corresponding CRS.  Subframes with the reserved CCEs for CRS (see Figure 3b) can be signaled with either PCFICH state 3 or with the special subframe type bitmap.  It is assumed that the size of the control region will be semi-statically set to 3 OFDM symbols in this case.  The number of CCEs left for PDCCHs is still enough to service or almost service the required number of UEs per subframe to achieve maximum spectral efficiency for bandwidth modes of 5MHz and greater. That is, up to {12, 20, 32} UEs can be scheduled for {5, 10, 20} MHz bandwidth modes -- half  of scheduled UEs with 1 CCE per DCI format 0 PDCCH and half with 2 CCE per DCI format 2 PDCCH given n=3 OFDM symbol control region size.
5. Conclusions

This contribution proposes the CRS mapping for antennas 4,5,6,7 to OFDM symbols or PRBs.  The CRS mapping to OFDM symbols for each antenna is for every 6th RE.  This is more efficient than the PRB mapping approach unless a distributed allocation is used.  Signaling of CRS mapping for antennas 4,5,6,7 can be performed via the unused PCFICH state or it can be signaled via a special subframe bitmap via a SIB sent on the BCCH.  Alternatively, no explicit signaling is used but instead rate matching is relied on to minimize link degradation due to symbols punctured by CRS.  It is also possible to map CRS of antennas 4,5,6,7 to a set of reserved CCEs in the downlink control region.
.
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Table 3 - #CCEs per Bandwidth Mode for different #TX Antennas

[image: image4.emf]BW #CCEs #CCEs #CCEs

(NRBs) (n=2, nant=4) (n=3, nant=4) (n=3, nant=8)

1.4 3 6 0

3 5 10 4

5 9 18 12

10 19 36 30

15 29 54 48

20 40 73 67


Table 4 – Coding rate for different PDCCH Format Types for a single 36 RE CCE

[image: image5.emf]PDCCH

Type #Bits 36REs #Bits 36REs #Bits 36REs #Bits 36REs

Format 0 36 0.500 40 0.556 42 0.583 44 0.611

Format 1 37 0.514 44 0.611 48 0.667 56 0.778

Format 1A 36 0.500 40 0.556 42 0.583 44 0.611

Format 2 53 0.736 60 0.833 64 0.889 72 1.000

Format 1C 25 0.347 29 0.403 31 0.431 33 0.458

Format 3, 3A 36 0.500 40 0.556 42 0.583 44 0.611
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Figure 3a – 4 CRS Release-8 REGs              Figure 3b – CRS 4,5,6,7 in REG2,x of CCEj























































































































































































































































































































































































