3GPP TSG RAN WG1 #56bis

         R1-091291
Seoul, Korea, 23 – 27 March, 2009

Source:
Texas Instruments

Title:
Refinement on Downlink Reference Signal Design
Agenda Item:
15.1
Document For:
Discussion and Decision
1 Introduction

In RAN1#56, two types of reference signals (RS) were defined for the advanced downlink features of LTE-A such as >4Tx spatial multiplexing, DL COMP, and advanced MU-MIMO [1]:

· Demodulation-RS (RS targeting PDSCH demodulation): UE-specific and precoded
· CSI-RS (RS targeting CSI estimation): cell-specific and not precoded
This contribution addresses other relevant issues on the design of DL RS which impact the ITU-R evaluation:
· How to multiplex LTE and LTE-A transmissions and the impact on the DL RS design

· Antenna port concept 

· Further details on demodulation-RS design
· Further details on CSI-RS design
The design concept discussed in this contribution should be applicable for all the advanced downlink features. Note that the 8Tx spatial multiplexing (SM) seems to impose the highest design constraints and hence will be discussed more.  
2 Multiplexing LTE (Rel-8) and LTE-A Transmissions
We first assume that the component carrier is configured Rel-8 (R8) compatible. Otherwise, there would be no particular restriction. Moreover, such non backward compatible setting is not considered as the baseline. The R8 compatibility implies that in all subframes, R8 cell-specific RS (CRS) for antenna ports 0 – 3 shall be present, at least in the first 2 OFDM symbols (within the first slot). The reference signals are intended for R8 UE channel estimation and measurements. With such constraint in mind, the following multiplexing alternatives exist: 
· FDM: LTE and LTE-A transmission are allowed co-exist within a subframe
· LTE-A UEs are allocated a set of RBs
· LTE-A-specific features should be transparent to LTE UEs
· TDM: LTE-only and LTE-A-only subframes are defined
· Supported via subframe identification [2, 3]
· LTE-A-only subframes appear as MBSFN subframes to R8 UEs

An exemplary subframe arrangement is depicted in Figure 1 where both FDM and TDM are used. The first two types of subframes can be used for unicast transmission to R8 UEs. The 1st subframe type only carries R8-only transmission while FDM between R8 and LTE-A transmission are supported in the 2nd subframe type. The 3rd subframe type supports unicast transmission only to LTE-A UEs. The 4th subframe type supports MBSFN transmission which UEs may choose to decode. Note that type 3 and 4 look identical from the perspective of R8 UEs.
From Figure 1, the following can be identified:
· For LTE-A only subframes (type 4), R8 CRS (antenna ports 0 to 3) are placed only in the first 2 OFDM symbols (first slot). 
· For LTE-only  (type 1) and mixed (type 2) subframes, R8 CRS (antenna ports 0 to 3) are placed in all the 6 OFDM symbols (first and second slots)
· LTE-A UEs should be able to distinguish the 4 subframe types 
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Figure 1. Illustrative example of LTE and LTE-A multiplexing
We now describe a signaling method to help UEs distinguish between the above four types of subframes, in a manner backward-compatible with current release-8 LTE signaling. In the current LTE spec [4], a release-8 UE reads binary flags from the BCCH to help it distinguish between unicast and MBSFN subframes. In the proposed scheme, the binary flag for each subframe is set to 0 for subframe types 1 and 2, and to 1 for subframe types 3 and 4. Note that this is sufficient information for a release-8 UE: it treats subframe types 1 and 2 as unicast subframes, and subframe types 3 and 4 as MBSFN subframes.

In addition, to support LTE-A UEs, separate signaling is carried on SIB in the BCCH, helping them to get the exact subframe type. Thus, the additional signaling helps LTE-A UEs know if a release-8 unicast subframe contains embedded CRS. Further, there may also be additional signaling to indicate the indices of the reserved PDCCHs for each subframe. Also, the additional signaling helps LTE-A UEs distinguish between true MBSFN subframes and LTE-A unicast subframes.

We do not see the need for using the reserved PCFICH state to indicate the subframe CRS type. One reason is that erroneous PCFICH decoding would lead the receiver to assume the wrong CRS type, and hence result in incorrect receiver measurements. Further, switching the CRS type from one subframe to the next restricts time interpolation across subframes, with no clear advantage. Consequently, we would like to limit the number of subframe types to four, as mentioned here.
Having identified four different subframes types, we focus on the LTE-A-only (type 4) and mixed LTE R8+LTE-A (type 2) subframes as those are the relevant types for the DL RS design. One may argue that type 2 (FDM-based) should be the baseline as it fits with the future progressive rollout of LTE-A. 
· While this may sound plausible, we should not overlook the feasibility of type 4 (LTE-A-only subframes multiplexed in a TDM manner with LTE-only subframes) as this offers a cleaner DL RS solution with lower overhead. For example, the overhead due to R8 CRS is 14.3% in LTE-only and mixed subframes whereas it is only 4.8% in LTE-A-only subframes. This entails to ~9.5% overhead reduction which translates to raw system throughput “gain”. 
· Such overhead reduction becomes more pronounced for DL joint transmission COMP where RE puncturing within PDSCH is needed [9]. In this case, the overhead reduction becomes three-fold, i.e. 28%.
· Furthermore, the TDM-based solution simply uses the existing mechanism of MBSFN subframes – which could also be used for DL COMP as well as in-band backhauling for the support of relay [1]. 
Hence, we propose that both TDM and FDM multiplexing between R8 LTE and LTE-A are studied, at least during the study item phase.
3 Antenna Port Concept
Since the CRS associated with antenna ports 0 to 3 shall be present in at least the first 2 symbols of each subframe, it is necessary to employ the concept of virtual antenna as mentioned in several other contributions (e.g. [3, 4]). 
We first define an N(M virtual antenna transformation (VAT) as an M×N fixed unitary precoding. As defined in [5], an antenna port is associated with a reference signal. Hence, to support an 8Tx spatial multiplexing (SM) with up to 8-layer transmission, the following antenna ports seem to be needed: 
· Antenna ports 0 to 3: R8 CRS for 4Tx transmission (R8 LTE)
· Antenna port 4: MBSFN RS (R8 LTE)
· Antenna ports 5 to 12: UE-specific RS for up to 8-layer transmission (a.p. 5 R8 LTE)
· Antenna ports 13 to 16: Additional CRS complementing R8 CRS to form CSI-RS
From the perspective of CRS, the 8Tx transmission can be described in Figure 2. It can be observed that the antenna port definition for a.p. 0 – 3 shall be identical in all subframes. This implies the following:
· 8(4 VAT for R8 a.p.0 – 3 shall be the same in all subframes
· For LTE-A-only and mixed subframes, 8(4 VAT for the selected 4 a.p.’s is a sub-matrix of the 8(8 VAT for the 8 a.p.’s
· Tx power per antenna port is limited by the PA power rating. Hence, the total maximum Tx power across a.p. 0 – 3 is half for LTE-A-only and mixed subframes (relative to that for LTE-only subframes). This, however, may not be an issue unless eNB operates at/near maximum PA limitation for LTE-only subframes.
· UE assumes that Tx power per antenna port is semi-static across subframes, which depend on PA (UE-specific) and PB (cell-specific).
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Figure 2. 8Tx transmission – antenna ports definition
Other than properly defining the respective antenna ports, the above discussion is also relevant to the transmission of the DL control (PDCCH, PCFICH, PHICH) for LTE-A UEs. Knowing that the additional diversity gain from 8Tx diversity (relative to 4Tx diversity) is marginal, if any, it suffices to employ the R8 4Tx diversity scheme to transmit the DL control of LTE-A UEs. Hence, only antenna ports 0 to 3 are to be used for this purpose. Otherwise, a new antenna port would need to be defined for the DL control transmission (e.g. using a non-standardized transmit diversity such as CDD) which is only feasible for LTE-A-only subframes (TDM multiplexing). 
4 Demodulation-RS Design
As mentioned in Section 1, demodulation-RS for LTE-A transmission is UE-specific and precoded. The same design applies to both LTE-A-only and mixed subframes. Note that R8 UEs simply utilize the R8 CRS for data demodulation. 
The design of UE-specific RS for LTE-A multi-layer transmission seems to be a simple extension of the UE-specific RS for antenna port 5. Several designs have been studied in, e.g. [4, 6]. Our view is as follows:

· Overall, the combination between CDM and FDM RS patterns seems attractive. For example, CDM can be used for transmissions up to 4 layers. FDM can then be used to extend the design for 5 to 8 layers. 
· Since CDM is used, it is beneficial to enable UE-specific RS EPRE adjustment relative to the data EPRE. This increases the frequency-domain dynamic range of the received signal which in turns increases the signal leakage at the UE FFT output. This can be mitigated by increasing the ADC bandwidth which may not be a problem for, e.g. R10 UEs. 
· Since DL COMP and 8Tx SM are targeted mainly for local area setups and/or low mobility, it is sufficient to contain the UE-specific demodulation RS within one OFDM symbol for each subframe. If higher UE speed is also considered important (e.g. 30kmph), another OFDM symbol may also be used. 
5 CSI-RS Design
Since R8 CRS can be used for CSI-RS associated with antenna ports 0 to 3, only the CRS corresponding to antenna ports 13 to 16 (the four additional antenna ports) are needed. Compared to the demodulation-RS, the design of CSI-RS is perhaps more involved due to the following factors:
1. Since CSI-RS is cell-specific, the impact on R8 UEs should be minimized, if not none. This is relevant when LTE-A and R8 LTE transmissions co-exist in the same subframe (mixed FDM subframes). This is perhaps the most important factor.

2. While the density could be sufficiently sparse in the time-domain (with a certain periodicity and localized within one OFDM symbol), it is unclear if the density could be sufficiently sparse in the frequency-domain as argued in, e.g. [7]. In fact, it can be inferred from [8] that the frequency-domain density could be comparable to that for the demodulation-RS. This is reasonable especially if frequency-domain scheduling – which necessitates subband CQI – is an important feature for LTE-A. 
3. UE complexity for CSI estimation. This may advocate for a simple CSI-RS pattern, e.g. uniform.  However, this may be less important since such channel estimation only needs to be done sparsely in time-domain, e.g. once every 10ms. Hence, the computation of filter coefficients only needs to be performed infrequently within a controller/processor. 
While different solutions can be used depending on how LTE-A and R8 LTE transmissions are multiplexed, it may be beneficial to use a single design for both LTE-A-only and mixed subframes.

There are currently two types of solution:
1. Solution 1: additional CSI-RS embedded within PDCCH (“CCE-based CSI-RS”)

2. Solution 2: additional CSI-RS embedded within PDSCH (dedicated REs within PDSCH)
The details of solution 1 are given in the Appendix as well as [9]. Each solution has its pros and cons:
· Solution 2 is preferred for LTE-A-only subframes due to its simplicity when R8 transmissions are absent. On the other hand, solution 2 will result in some additional interference and potential rate matching issue for R8 UEs when used within the mixed subframes. While one may argue that the impact is minimal due to the sparse transmission in the time-domain, the impact may be significant to the R8 UEs within the mixed subframes where CSI-RS is transmitted. Such uncertainty may discourage a smooth rollout of LTE-A as undisrupted reliability of R8 services cannot be guaranteed. 
· It was pointed out in several contributions that solution 1 possesses a number of disadvantages such as the non-uniform RS pattern, inflexible RS boosting, and CCE blocking (e.g. [3, 8]). While such disadvantages may justify its exclusion for LTE-A-only subframes (where solution 2 is more suitable), the same may not hold for mixed subframes due to the issue mentioned in the previous bullet point. 
· As discussed above, non-uniform RS pattern (which results in a more complex filter computation) is not a major issue since the computation of filter coefficients is done infrequently. 
· Both solutions seem to inherit some degree of inflexibility in RS boosting. When CSI-RS is placed within PDSCH region, the amount of boosting is dictated by the set of PA/PB values. Within PDCCH region, comparable variation in EPRE is also allowed. 
· Although CCE blocking seems undesirable, this occurs quite infrequently considering the sparse transmission of CSI-RS. We believe that such scheduler restriction is preferred to the risk of harming the reception capability of R8 UEs. 
Based on the above discussion, more careful study on both solutions seems to be needed in the following aspects:
· The required density for CSI-RS in time and frequency domain
· Once the required density is determined, each of the two solutions needs to be studied in terms of the impact on R8 UEs as well as the resulting UE complexity.

6 Conclusions
In this document, the refinement in the DL RS design for advanced LTE-A features is discussed. Some examples of advanced LTE-A features are DL COMP, 8Tx spatial multiplexing, and MU-MIMO. Based on the above discussion, we recommended the following:
· The possibility of configuring LTE-A-only subframes via the existing MBSFN subframe mechanism should be supported in addition to multiplexing R8 and LTE-A transmissions within the same subframe. For ITU-R evaluation, such configuration enables overhead reduction of 9.5% for non-COMP and 28% for joint transmission COMP.
· DL control transmission facilitates the R8 Tx diversity schemes (which supports up to 4Tx transmission). Hence, the DL control transmission shares the same antenna port definition as R8. There is no need for defining 8Tx diversity scheme. 
· To support 8Tx SM, 4 additional antenna ports are defined for CSI-RS whereas up to 7 additional antenna ports need to be defined for demodulation-RS. DL COMP transmission (up to 4Tx) can utilize the existing R8 CRS (and hence antenna port definition) for CSI measurement. 
· Time-localized design of UE-specific RS with CDM-FDM pattern is preferred. The target of application should be for low mobility or at most moderate mobility (e.g. 30kmph). 

· The placement of the additional CSI-RS (whether it is within PDSCH and PDCCH) should be studied after the required density of CSI-RS is determined. 
Appendix: Embedding CSI-RS within PDCCH
We now describe the embedding of CRS on antenna ports 13-16 in PDCCH resources of subframes. As described earlier, creating independent reserved CRS sub-carriers on the control channel symbols would impact PDCCH decoding by release 8 UEs, which are unaware of these CRS resources. Two methods are possible. 

The first, shown in Figure 3, is to create these new RS resources, but schedule R8 UEs so that their PDCCH does not collide with these dedicated RS. While this sounds workable in theory, it causes undue scheduling restrictions. In particular, since the PDCCH for a given UE is dispersed over the time-frequency grid by the channel interleaver, it is likely that every PDCCH channel has some collision with the resources reserved for the new RS. 


[image: image3.emf]PDCCH Encoding, 

rate-matching, 

modulation for UE1

PDCCH Encoding, 

rate-matching, 

modulation for UE2

PDCCH Encoding, 

rate-matching, 

modulation for UE2

:

:

:

PDCCH Assembly

combine output CCEs 

for all Ues’ PDCCH 

data.

Insert in appropriate 

positions (using 

hashing function) 

Multiplex PDCCH & 

RS resources

RS for 

antenna 

ports 4-7

Knowledge of reserved tones 

to avoid collision

Channel 

Interleaving


Figure 3. Inserting CRS Resources in the control channel region

Note that the essential problem with the above method is that the new CRS resources are multiplexed at the output of the channel interleaver. A more viable alternative is to multiplex the new CRS resources at the input to the interleaving module. Further, since LTE-A UEs need prior knowledge of where the CRS resources are embedded in the control channel, an easy solution is to create one or more reserved PDCCH channels for the purpose of carrying the new RS, as shown pictorially in Figure 4.  As seen in the figure, a set of valid PDCCHs are reserved for CRS transmission on antenna ports 13-16. Since these reserved PDCCHs have the same size as regular UE-specific PDCCHs, no special care is needed while multiplexing them into the control channel. 
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Figure 4. RS Insertion By Adding Dummy PDCCH Resources
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