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1. Introduction
Following the agreements reached during in RAN1 #62bis, the following topics were identified for further study [1]-[2] in RAN1 #63:

· Support of multiple of 4 msec duty cycle considering the UL HARQ timing in HetNet operation for FDD

· How to handle/avoid collision between CSI RS and BCH/PSS/SSS/Paging/SIB, etc considering both FDD and TDD.

· Whether to allow CSI RS on almost blank subframes

This contribution presents our views on the above topics.
2. Duty cycle for het-net operation
For reliable het-net operation, that is, for minimizing downlink interference, it is desirable to coordinate “almost blank” (AB) subframe transmissions at the aggressor layer (e.g. macro cell eNodeB) so that they are time synchronous with the subframes in which victim layer UEs (e.g. pico cell UEs) receive both their UL grant and uplink ACK/NACKs.  
In TDD configurations 0 through 5, the subframe offset where UL grant is assigned is identical to the subframe offset for uplink ACK/NACK on PHICH, implying TDD HARQ operation follows a 10 ms periodicity on these configurations. Figure 1 shows FDD operation with 8 ms HARQ timeline. Coordinated DL subframes are shown as tiled rectangles.

Observation 1: For FDD, coordinated subframe transmissions should preferably occur at least 4 ms (or a multiple of 4 ms) apart. 

[image: image1]
Figure 1: FDD het-net operation with 8 ms RTT.
In RAN1 #62, a subset of valid CSI-RS duty cycles was agreed to be equal to {5 ms, 10 ms, 20 ms, 40 ms, 80 ms}.

Proposal 1: An additional 4 ms (or alternatively 8 ms) CSI-RS duty cycle should be considered inline with 8 ms FDD-HARQ timing periodicity. We prefer 4 ms duty cycle because it allows for greater opportunities for CSI-RS transmission within a single radio frame. We suggest the following revised table with the addition in orange:

Table 1: Encoding for CSI-RS subframe offset and duty cycle periodicty
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3. Collision between CSI-RS and BCH/PSS/SSS/Paging/SIB
Because CSI-RS is cell-specific and transmitted over the entire system bandwidth, CSI-RS transmission may potentially overlap with PBCH/PSS/SSS/SIB-1/Paging (see below table). Note that paging channel transmission occurs on DL-SCH for which UE knows the paging locations after decoding its PDCCH.
Table 2: Location of PBCH, PSS, SSS, SIB-1 and Paging channel information

	FS
	PBCH
	PSS
	SSS
	SIB1
	Paging

	FS1
	Subframe 0

Slot 1: First four symbols.
Center 72 REs

	Slot 0 and 10

Last OFDM symbol
Center 72 REs
	Slots 0 and 10

Symbol 5 (normal CP)

Symbol 4 (extended CP)

Center 62 REs
	Transmitted on DL-SCH (PDCCH masked with SI-RNTI) in
Subframe #5 in even radio frame
	Transmitted on DL-SCH (PDCCH masked with P-RNTI) wherein paging occurs on one of the following occasions:

· Subframe {9}
· Subframes {4,9}

· Subframes {0,4,5,9} 

	FS2
	
	Subframes 1 and 6
Third OFDM symbol
Center 72 REs
	Slots 1 and 11

Normal CP: Symbol 6

Extended CP: Symbol 5

Center 62 REs
	
	Transmitted on DL-SCH (PDCCH masked with P-RNTI) wherein paging occurs on one of the following occasions:

· Subframe {0}

· Subframes {0,1}

· Subframes {0,1,5,6}


Observation 2: For FDD (Figure 3): 

· CSI-RS patterns on the last two OFDM symbols in each subframe do not collide with PBCH/PSS/SSS. 
· CSI-RS patterns on OFDM symbols (5, 6) or (9, 10) collide with either SIB-1/PBCH or SIB-1/PSS/SSS.

· With 4/8 ms CSI-RS duty cycle periodicity (see Figure 2), irrespective of the subframe offset, the only collision-free CSI-RS resources are on OFDM symbols (12, 13). 




[image: image15]


Figure 2: “Drifting” subframe indices with 4 ms/8 ms CSI-RS duty cycle periodicity.

Observation 3: With FS2 transmission with configuration 0 (DSUUUDSUUU):

· CSI-RS patterns in Figure 3 will collide either with SIB1/PBCH or SIB1/SSS. 
· CSI-RS patterns on OFDM symbols 5 & 6 [resp. OFDM symbols 4 and 5] are collision-free during normal CP [resp. extended CP] transmission.
· Although it seems like the reuse factor for TDD configuration 0 is rather small (only symbols on symbols 5 & 6 are collision-free), it is possible to increase reuse efficiency by choosing larger CSI-RS duty cycle values. 

[image: image16]
Figure 3: CSI-RS pattern collision with BCH/PSS/SSS/Paging/SIB1

Observation 4: Collision with SIB-1 may be handled through the following alternatives:

· Alt1: eNodeB avoids CSI-RS transmission on SIB-1 subframes (subframe offset 5 in even radio frames) by appropriate selection of CSI-RS subframe offset and duty cycle periodicity. Example: Select CSI-RS subframe offset from the set {15, 35, 55, 75} and duty cycle periodicity equalling 80 ms.

· Alt2: Avoid CSI-RS transmissions of configured CSI-RS patterns during subframes containing SIB-1 (already known to the UE).
Since Alt1 imposes significant restrictions on CSI-RS configuration, we prefer Alt2, with the exception of TDD configuration 0, where there are only two DL subframes (excluding DwPTS) in each radio frame.
Paging messages are transmitted on DL-SCH with the PDCCH masked with P-RNTI, wherein the paging subframe occasions are as given in Table 1.
Proposal 2: SIB-x (x > 1) transmissions are scheduled around CSI-RS subframes.  
Proposal 3a: For FDD, a configured CSI-RS pattern is not transmitted on subframe offsets 0, 4, 5 and 9 (avoid collision with PBCH/PSS/SSS and potential paging transmissions). This does not prevent the pattern from being transmitted on subframes 1, 2, 3, 6, 7 and 8.
· For example, with a subframe offset equaling 1 and a duty cycle periodicity equaling 4 ms, a configured CSI-RS pattern may be transmitted on subframe index 1, 13, 17, 21 and so on.
Proposal 3b: For TDD:
· No CSI-RS transmission is allowed on DwPTS.
· A configured CSI-RS pattern is not transmitted during subframe offset 0, 1, 5 and 6 (avoid collision with PBCH/PSS/SSS and potential paging transmissions).
· Exception: On TDD configuration 0, CSI-RS transmissions corresponding to patterns on either OFDM symbols (5,6) or (9, 10) are allowed on subframe offset 5 on even radio frames. 
· Example: Assuming 8 TX, in TDD configuration 0, reuse factor equalling eight may be obtained by choosing a CSI-RS duty cycle periodicity equalling 80 ms and selecting CSI-RS subframe offsets from the set {15, 35, 55, 75}.
Table 3: Achievable reuse factor for  TX in FDD
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With 4ms duty cycle periodicity, according to Proposals 3a, if a configured pattern falls on PSS/SSS/PBCH, there will be potentially either:

· Two missed transmissions (on subframes 5 & 9) in each radio frame for odd valued CSI-RS subframe offset.

· Two missed transmissions (on subframe 0 and 4) in each radio frame for even values CSI-RS subframe offset.

Because of the above restrictions on CSI-RS signaling, the reuse factor is still large (although reduced) as shown in Table 3. Further, for simplicity, we prefer retaining signaling based on existing CSI-RS signaling table (joint encoding of subframe offset and duty cycle periodicity). 

Proposal 4:  A UE shall not estimate its CSI on subframes corresponding to those referred in Proposals 3a and 3b. No changes to agreed-upon joint encoding scheme for CSI-RS subframe offset and duty cycle (Table 1).
Alternative proposals such as puncturing CSI-RS patterns (partial reuse in frequency domain) on resources colliding with broadcast information potentially increase UE channel estimator complexity and decrease the accuracy of channel estimate on antenna ports 15-22, considering the already low CSI-RS transmission density of 1 RE/PRB/port.
On the other hand, Proposal 4 ensures consistent UE behavior with a single channel estimator implementation across both FDD and TDD. Although the above proposal imposes subframe-specific restriction for certain CSI-RS patterns, the eNodeB can always optimize its CSI-RS configuration (i.e. its pattern, subframe offset and duty cycle) in order to minimize the effect of such occurrence.

Proposal 5: CSI-RS occupies full bandwidth during subframes in which is transmitted.
In het-net scenarios with FDD operation, subframe shifting will possibly be required between transmissions of coordinating eNodeBs, in addition to Rel-10 time-domain subframe partitioning, for avoiding interference from broadcast/PSS/SSS/SIB-1 from an aggressor eNodeB transmission to a victim cell UE. In such scenarios, therefore, it somewhat intuitively follows (from Proposals 3a and 3b) that it is preferable to having muting on subframes not containing CSI-RS. More details are provided in [15].
Proposal 6: Select Option 2 for PDSCH RE muting. That is, muted REs can be located in subframes without CSI-RS, and in this case the CSI-RS duty cycle is an integer multiple of the muted REs duty cycle

4. CSI-RS transmissions on “Almost-Blank” subframes

As discussed in [4], “almost-blank” (AB) subframes, by their very nature, provide interference-free resources for scheduling PDSCH on neighboring cell UEs and for reliable CSI estimation. Consider for example a het-net scenario wherein a range extended pico cell UE experiences dominant interference from a stronger macro cell eNodeB. The following are in order:

a) The macro cell eNodeB(s) should preferably transmit their CSI-RS only during their almost-blank subframes. The pico cell eNodeB can mute (rate-match)
 its PDSCH which overlap with CSI-RS locations of coordinating macro cell eNodeB (s). This provides pico cell UEs with interference-free resources for estimating inter-cell CSI to the macro cell eNodeB (s).

b) The pico cell eNodeB should preferably transmit its CSI-RS only during subframes that are time-synchronized (overlapping) with “almost-blank” macro cell eNodeB subframes. This enables pico cell UEs to obtain interference-free CSI estimates to their serving and interfering cells.

Proposal 7: CSI-RS transmissions should be allowed on almost blank subframes. 
5. Usage of CSI-RS with Transmission Mode 2
The issue of unpaired  “orphan” resource elements – for a Rel-10 UE configured with transmit diversity – during CSI-RS subframes was first mentioned in [6]. Below table shows the scenarios in which this occurs:
	Case
	CRS antenna ports
	CSI-RS antenna ports
	Orphan REs per OFDM symbol per RB

	A (Rel-8 SFBC)
	2
	2
	1

	B (Rel-8 SFBC + FSTD)
	4
	2
	3

	C (Rel-8 SFBC + FSTD)
	4
	4
	2


Following alternatives are possible:

Alt1: Single antenna port transmission on orphan REs with antenna switching across RBs and across symbols [6].

Alt2: Leave orphan RE unused [7].
Alt3: Using eNodeB implementation as follows: With either Case A or Case C, eNodeB schedules UE with even RB allocation size. For Case B, eNodeB schedules UE with RB allocation size equalling a multiple of 4.

Alt1 and Alt2 require standardization. Alt3 is performed using eNodeB implementation. Alt1 results in two different transmission schemes during CSI-RS subframes, possibly resulting in higher UE processing overhead. 

Proposal 8: Either Alt3 (eNodeB implementation through scheduler restriction) or Alt2 (orphan REs are unused) are preferable for RE pairing problem which occurs during CSI-RS transmissions when a UE is configured for TM2.  

6. On Reference Signals for CSI in Transmission Mode 9

In RAN1 #62bis, it was agreed to that PDSCH muting on inter-cell CSI-RS location will be standardized in Rel-10 [5]. During CSI-RS discussions in the same meeting, it was proposed [13], but not agreed, that whenever a Rel-10 UE is configured in TM9, it shall use only CSI-RS (1, 2, 4 or 8 CSI-RS ports) for channel estimation for all CSI feedback modes.

Muting on inter-cell CSI-RS is advantageous because it improves the SINR on both serving cell CSI-RS and neighbouring cell CSI-RS, thereby improving CSI accuracy to either set of cells. Unfortunately, because interference experienced on CSI-RS is reduced (since other cells mute their PDSCH), the serving cell CSI-RS does not accurately capture true interference as seen over PDSCH. 
Observation 6: In earlier contributions [9] – [12], it was recognized by many companies (including ours’) that PDSCH muting on inter-cell CSI-RS locations compromises interference measurement accuracy, and hence leads to potentially inaccurate CQI/PMI/RI reporting.  

Considering 4 TX deployments, average CRS density in every (normal) subframe equals 8 RE/PRB/port for antenna ports 0 and 1, and equals 4 RE/PRB/port for antenna ports 2 and 3. This effectively implies a 60 times higher measurement density using Rel-8 CRS relative to CSI-RS.

Observation 7: In [11], simulations have shown that the best CQI estimate is obtained when desired channel is obtained over CSI-RS and interference is obtained over CRS. 
Observation 8: In a het-net scenario, a pico cell UE may experience high DL interference from a stronger macro cell eNodeB. By scheduling pico cell UE during protected subframes (marked AB in below figure), interference on data and control region is minimized.
· Scenario 1: If pico cell UE reports its CSI by averaging over only protected subframes, it can do so by measuring its CSI on its intra-cell CSI-RS resources.

· Scenario 2: If the pico cell UE is required to report its CSI by averaging over unprotected subframes as well, the macro cell eNodeB can mute its colliding PDSCH resources on pico cell CSI-RS locations which helps pico cell UE estimate its channel (H) to its pico cell eNodeB. Further, CRS may be used for estimating interference.

[image: image24]
Proposal 9: If it is agreed to only use CSI-RS is used for channel estimation in TM9 for all UE feedback modes, clarify which reference symbols are used for interference estimation for TM9. Retain option of using Rel-8 CRS for interference measurement in TM9.
7. Conclusions
Proposal 1: An additional 4 ms (or alternatively 8 ms) CSI-RS duty cycle should be considered for reliable FDD het-net operation. We prefer 4 ms duty cycle because it allows for greater opportunities for CSI-RS transmission within a single radio frame. We suggest the following revised table:
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Proposal 2: SIB-x (x > 1) transmissions are scheduled around CSI-RS subframes.  For simplicity in TDD, no CSI-RS transmission is allowed on DwPTS 

Proposal 3a: For FDD, a configured CSI-RS pattern is not transmitted on subframe offsets 0, 4, 5 and 9 (avoid collision with PBCH/PSS/SSS and potential paging transmissions). This does not prevent the pattern from being transmitted on subframes 1, 2, 3, 6, 7 and 8.

· For example, with a subframe offset equaling 1 and a duty cycle periodicity equaling 4 ms, a configured CSI-RS pattern may be transmitted on subframe index 1, 13, 17, 21 and so on.
Proposal 3b: TDD:

· No CSI-RS transmission is allowed on DwPTS.
· A configured CSI-RS pattern is not transmitted during subframe offset 0, 1, 5 and 6 (avoid collision with PBCH/PSS/SSS and potential paging transmissions).
· Exception: On TDD configuration 0, CSI-RS transmissions corresponding to patterns on either OFDM symbols (5,6) or (9, 10) are allowed on subframe offset 5 on even radio frames. 
· Example: Assuming 8 TX, in TDD configuration 0, reuse factor equalling eight may be obtained by choosing a CSI-RS duty cycle periodicity equalling 80 ms and selecting CSI-RS subframe offsets from the set {15, 35, 55, 75}.
Proposal 4:  A UE shall not estimate its CSI on subframes corresponding to those referred in Proposals 3a and 3b. No changes to agreed-upon joint encoding scheme for CSI-RS subframe offset and duty cycle (Table 1).

Proposal 5: CSI-RS occupies full bandwidth during subframes in which is transmitted

Proposal 6: Select Option 2 for PDSCH RE muting. That is, muted REs can be located in subframes without CSI-RS, and in this case the CSI-RS duty cycle is an integer multiple of the muted REs duty cycle

Proposal 7: CSI-RS transmissions should be allowed on almost blank subframes. 

Proposal 8: Either Alt3 (eNodeB implementation through scheduler restriction) or Alt2 (orphan REs are unused) are preferable for RE pairing problem which occurs during CSI-RS transmissions when a UE is configured for TM2.  
Proposal 9: If it is agreed to only use CSI-RS is used for channel estimation in TM9 for all UE feedback modes, clarify which reference symbols are used for interference estimation for TM9. Retain option of using Rel-8 CRS for interference measurement in TM9.
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� Note that PDSCH RE muting on CSI-RS is supported in Rel-10 [1]
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