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[bookmark: _Ref129681832]In this contribution, we discuss NR MIMO enhancement on CSI for MU-MIMO, multi-TRP/panel transmission, multi-beam operation and low PAPR RS, as a supplement for the main papers [1]-[4]. More details and all the other issues are discussed here.

CSI Enhancement for MU-MIMO Support
Parameter combination reduction for (L, p, β)
The overhead of the DFT-based compression codebook is determined by three parameters L, p and β with part of or all parameters configured by gNB. If the three parameters are indicated independently by higher layer signaling, there may exist tens of parameter combinations. However, not all the combinations are necessary because some of them have similar overhead and performance. It is necessary to remove the redundancy of parameter combinations.
The following principles for reducing the parameter combinations can be considered.
· Limited parameter combinations are remained, e.g. around six combinations in total in Rel-15 with L=2/3/4 and P=QPSK/8PSK.
· The reporting overhead is roughly increased monotonically.
· The performance is roughly improved monotonically with the increase of reporting overhead, and also always performs better than Rel-15 if assuming the same overhead.
· Only the parameter combination with the best performance is kept, if assuming the same overhead.
· Include following parameter combinations
· Similar overhead with Rel-15 Type I and with better performance
· Similar performance with Rel-15 Type II and with lower overhead
· Similar overhead with Rel-15 Type II and with better performance
The supported values of p is {1/4, 1/2} and supported values of β is {1/4, 1/2, 3/4}. It should be noted that the supported values of L is not the same for different number of Tx ports. For example, only L=2 is supported for 4 ports and L=2/4/6 is supported for 32 ports. It is reasonable to select the parameter combinations separately for different number of ports. After that, the final table may be a union of all the tables.
For 32 ports case, the performance and overhead for all the supported parameter combinations are shown in Figure 1. From the performance-overhead trade-off, it can be observed that each point of (L, p)=(4, 1/4) performs beyond the corresponding point of (L, p)= (2, 1/2) with similar overhead. Each point of (L, p)=(6, 1/4) has a better performance and less overhead than the corresponding point of (L, p)=(4, 1/2). Therefore the combinations with (L, p)= (2, 1/2) and (4, 1/2) should be ruled out.
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Figure 1. The performance and overhead of all the supported parameter combinations for 32 ports case.
Following the principle above, a further parameter combination reduction for 32 ports are shown in Table 1, with the corresponding performance and overhead shown in Fig. 2. The first parameter combination with smallest L, p and β has similar overhead with Rel-15 Type I and better performance. The second and third parameter combinations have similar performance with Rel-15 Type II with reduce overhead. The last three parameter combinations have similar overhead with Rel-15 Type II and better performance.
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Figure 2. The performance and overhead of the reduced parameter combinations for 32 ports case.
Table 1. Reduced parameter combinations for 32 ports case.
	Index
	L
	p
	β

	0
	2
	1/4
	1/4

	1
	4
	1/4
	1/4

	2
	4
	1/4
	1/2

	3
	6
	1/2
	1/4

	4
	6
	1/4
	3/4


For the 16 ports case, a similar combination reduction is considered with L=2 and 4 only. The performance and overhead for all supported parameter combinations are shown in Fig. 3. Following the principle above, the reduced parameter combinations are shown in Fig. 4 and Table 2.
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Figure 3. The performance and overhead of all the supported parameter combinations for 16 ports case.
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Figure 4. The performance and overhead of the reduced parameter combinations for 16 ports case.
Table 2. Reduced parameter combinations for 16 ports case.
	Index
	L
	p
	β

	0
	2
	1/4
	1/4

	1
	4
	1/4
	1/4

	2
	4
	1/4
	1/2

	3
	4
	1/2
	1/2


The performance and overhead for all supported parameter combinations for 8 ports are shown in Fig. 5. The reduced parameter combinations are shown in Fig. 6 and Table 3.
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Figure 5. The performance and overhead of all the supported parameter combinations for 8 ports case.
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Figure 6. The performance and overhead of the reduced parameter combinations for 8 ports case.
Table 3. Reduced parameter combinations for 8 ports case.
	Index
	L
	p
	β

	0
	2
	1/4
	1/4

	1
	4
	1/4
	1/4

	2
	4
	1/4
	1/2

	3
	4
	1/2
	1/2


The performance and overhead for all supported parameter combinations for 4 ports are shown in Fig. 7. It should be noted that only L=2 is supported for 4 ports case. The reduced parameter combinations are shown in Fig. 8 and Table 4. 
[image: ]
Figure 7. The performance and overhead of all the supported parameter combinations for 4 ports case.
[image: ]
Figure 8. The performance and overhead of the reduced parameter combinations for 4 ports case.
Table 4. Reduced parameter combinations for 4 ports case.
	Index
	L
	p
	β

	0
	2
	1/4
	1/4

	1
	2
	1/4
	1/2

	2
	2
	1/2
	1/2


If a unified table is preferred for all cases of port numbers, it may be the union of all the tables above and without the differentiation of the number of ports. If the tables for different ports follow the tables listed above, the final table is as Table 5. For a given number of ports, only a few items are valid and the configured parameter combination by the gNB shall be within the range of the valid ones.
Table 5. Union of reduced parameter combinations for different ports.
	Index
	L
	p = y0 
(rank 1-2)
	p = v0 
(rank 3-4)
	β

	0
	2
	1/4
	1/8
	1/4

	1
	2
	1/4
	1/8
	1/2

	2
	2
	1/2
	1/4
	1/2

	3
	4
	1/4
	1/8
	1/4

	4
	4
	1/4
	1/8
	1/2

	5
	4
	1/2
	1/4
	1/2

	6
	6
	1/2
	-
	1/4

	7
	6
	1/4
	-
	3/4


Therefore, we have the following proposal.
Proposal 1: Parameter combination reduction for (L, p, β) should take into account numbers of CSI-RS ports, rank 1-4, performance difference and reporting payload.

Down selection of parameter α for FD basis indication

For FD basis indication for R=2, the window based design has been agreed. The length of window is , which is determined by a parameter α. A larger value of α will lead to a higher freedom of FD basis selection, which may provide better performance. However, too larger α needs several more overhead for the combination indication within the window. 
The performance for different candidates of α is shown in Fig. 9. The overhead for α=1.5, 2.0 and 2.5 have only several bits difference. However, the performance for α=1.5 has slight loss compared with that of α=2.0 and α=2.5, and the latter two perform very similar. Therefore there is no need to support more than one values for α. Since the overhead for α=2.0 is smaller than that for α=2.5, α=2.0 is preferred for window based FD basis indication for R=2.
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Figure 9. Performance and overhead for different values of α.
Observation 1: For the value of α, α=2.0 and α=2.5 have similar performance and overhead, which has a slight advantage over α=1.5.
Proposal 2: For the value of α, support single value α=2.0.

Different padding schemes for value of N3

When , the following alternatives are listed, where NSB is the number of CQI subbands.
· Alt 0: no padding and N3=NSB
· Alt1: N3 is smallest multiple of 2, 3, or 5 which is  
· Alt2: N3 is a multiple of 2, 3, or 5. Segment into 2 parts with overlapping between 2 parts. Note: no padding is needed to align the DFT size with the multiple of 2, 3, or 5
For Alt1, since the maximum candidate of  is 19 for R=1, the UE implementation may be different for 13 subbands and 14 subband cases. Alt 1 has certain drawback for segmented UE implementation and slight performance uncertainty.
As discussed in [12], the segmentation scheme performs worse than padding schemes. Only different padding schemes are compared here.
Potential padding schemes are listed as follows.
· Alt 1.1: Average:  
· Alt 1.2: Raised cosine extrapolation: 
· When : 
· When : 
· When : 
· Alt 1.3: Repetition:
· If  , 
· If 
· Alt 1.4: Zero padding: 
The performance-overhead curves for the alternatives above are shown in Fig. 10. For simplicity, although the number of subbands in the evaluation is more than 19, the window based design for R=2 is not considered here. For all the padding scheme, the additional columns are padded after the last column of the space-frequency matrix. It can be observed that there is around 1-2% difference among different padding schemes. However, Alt 0 without padding seems to have the better performance over all of the padding schemes. The reason is that the equivalent FD basis corresponding to actual subbands are non-orthogonal due to the padding operation, which may not be as robust as orthogonal FD basis.
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Figure 10. Performance-overhead curves for different padding schemes.
Observation 2: Alt 0 without padding is with better performance than padding schemes, i.e., Alt. 1.1/1.2/1.3/1.4.
Proposal 3: For the value of N3 when NSB*R > 13, Alt0 without padding is preferred to avoid risks of fragmented UE implementation and performance loss.

Enhancement on Multi-TRP/Panel Transmission
Multiple PDCCH based Multi-TRP/Panel Transmission
Remaining details of PDCCH
· Principle of new Ap value selection




According to TS 38.213, the Hash function is given by , where , D=65537. The value for Ap should be one of primitive roots of D (i.e. 65537 is a prime number), since the primitive root of D can generate distinct values of Yp,n for different UEs with respect to . It means that, for a given UE, a distinct random value can be generated with respect to , if primitive root of D is selected for Ap. The different results between a prime number and primitive root for Ap values are illustrated as follows. 


Without loss any generality, we assume the value of D equals 11, which is also a prime number (similar as 65537). The primitive roots of 11 can be {6, 7}, then, if UE ID is set as 1 (i.e. Yp,-1 = 1), then, the generated random value with respect to  according to is given by Table 6.

Table 6 The random value of , D = 11, Yp,-1 = 1, Ap is a primitive root of 11.
	
	
= 1
	
= 2
	
 = 3
	
=4
	
=5
	
=6
	
 = 7
	
=8
	
=9
	
=10

	Ap = 6
	6
	3
	7
	9
	10
	5
	8
	4
	2
	1

	Ap = 7
	7
	5
	2
	3
	10
	4
	6
	9
	8
	1





From Table 6, it can be observed that each UE will be generate distinct random value with respect to , and do not have any repetition from = 1 to = 10. On the other hand, once Ap is only selected as a prime number (i.e. 3 or 5) but not a primitive root of D=11, it will lead to different results, as given in Table 7.

Table 7 The random value of , D = 11, Yp,-1 = 1, Ap is a prime number.
	
	
= 1
	
= 2
	
 = 3
	
=4
	
=5
	
=6
	
 = 7
	
=8
	
=9
	
=10

	Ap = 3
	3
	9
	5
	4
	1
	3
	9
	5
	4
	1

	Ap = 5
	5
	3
	4
	9
	1
	5
	3
	4
	9
	1


As shown in Table 7, the random value generated by Hash function with prime number will repeated in every 5 slots, then, shorter random sequence will be generated. 
Based on above simple examples, we illustrated the benefit on the selection of Ap as a primitive root of D. Therefore, the candidate value for Ap should not limited to prime number, primitive root of D should also be considered, which can achieve much longer random sequences compared with prime numbers. Therefore, we prefer the newly introduced value of Ap should be primitive roots of D. For simplicity, we can select value of primitive root around existing values of Ap, such as {39828, 39840, 39853}, in which the performance with newly introduced value of Ap = 39853 has been given in our companion paper [5]. 
Observation 3: Additional parameter Ap as primitive root of 65537, e.g. {39828, 39840, 39853} could be beneficial than prime number.
To reduce PDCCH candidate detection complexity and save UE power consumption for DCI monitoring, multiple PDCCHs design can be optimized to relax multi-DCI monitoring requirement for the UE involved in multi-TRP transmission. Each of multi-DCIs can contain an assistance message to indicate whether another DCI of the multi-DCI need to be monitored. One benefit is that UE can stop monitoring if it knows that another DCI is not actually transmitted from another TRP, the BD cost can be significantly reduced at the UE side. The assistance message can reuse current DCI field to implicitly indicate the existence of other DCI. For example, it is a basic principle that each PDCCH can only schedule one CW for multi-PDCCH based multi-TRP transmission. Therefore, when maxNrofCodeWordsScheduledByDCI indicates that two codeword transmission is enabled, and the UE receives a DCI indicate one of the TBs is disabled in DCI format 1_1, the UE may assume the existence of the other DCI for DL grant. As another example, for DMRS Type 1, when one DCI indicates that 2 CDM groups are used for the scheduled PDSCH, it can be seen as a single TRP transmission with SU assumption. In this case, the other DCI may not need to be monitored. 
Proposal 4: Each DCI in multi-DCIs is present or not can be implicitly indicated by another DCI in case of ideal backhaul.

Remaining details of PDSCH 
· Rate matching
In R15, the CRS pattern may impact PDCCH monitoring. To be more specific, when at least one RE of a PDCCH candidate on the serving cell overlaps with at least one RE of CRS, the UE is not required to monitor the PDCCH candidate. In R16, when multiple CRS patterns are configured and may be associated with different CORESET groups, same principle can be used as PDSCH rate matching. For example, the UE is not required to monitoring a PDCCH candidate of a CORESET when at least one RE of the PDCCH candidate is overlapped with the CRS associated with the CORESET.
Proposal 5: The UE is not required to monitoring a PDCCH candidate of a CORESET when at least one RE of the PDCCH candidate is overlapped with the CRS associated with the CORESET.

· Out of order scheduling/HARQ
Firstly, in 38.214, there are restrictions on PDSCH scheduling and HARQ-feedback introduced for single TRP operation as the following,
· “For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to receive a PDSCH that overlaps in time with another PDSCH. ”, as shown in Figure 11 (a);
· “The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process”, as shown in  Figure 11 (b);
· “The UE is not expected to receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. ”, as shown in  Figure 11 (c);
· “For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.”, as shown in Figure 11 (d).
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	(a) Restriction 1: TDMed PDSCH in Rel-15 
	(b) Restriction 2: PDSCH scheduling for the same HARQ process in Rel-15 

	[image: ]




	[image: ]

	(c) Restriction 3: HARQ-ACK feedback timeline in Rel-15 
	(d) Restriction 4: PDSCH scheduling for two HARQ processes in Rel-15 


[bookmark: _Ref7733847]Figure 11. Restrictions of scheduling/HARQ in Rel-15

· Restriction 1 is already relaxed for multi-TRP, with several restrictions, e.g. DMRS configuration, etc. Then PDSCHs from different TRPs can be overlapping. 
· Restriction 2 and 4 should be relaxed for multi-TRP transmission. With only semi-persistent coordination between TRPs by non-ideal backhaul and flexible scheduling offset K0 independently determined at each TRP, PDSCH #2 may possibly start before the ending symbol of PDSCH #1. In addition, when two TRPs are independently scheduling PDSCHs, PDCCHs can occur at any monitoring occasion. Therefore above restriction of PDSCH scheduling timeline cannot be met. Thus for multi-TRPs scheduling the same or different HARQ processes, the order should be maintained only within one TRP.
· Restriction 3 also needs to be relaxed for the scenario of non-ideal backhaul, as it can be difficult to be implemented between two TRPs for efficient PDSCH allocation and corresponding HARQ-ACK assignment.
Therefore above restrictions would largely limit practical implementation of multi-PDCCH based solution, due to semi-static coordination among TRPs. It is preferred that the UE would have two parallel receiving/processing timelines and each can be used for eMBB at least from one TRP. 

In R15 PDSCH processing procedure, the UE would skip decoding a number of PDSCHs with last symbol within 10 symbols before the start of a PDSCH that is scheduled to follow Capability 2 processing time, if any of those PDSCHs are scheduled with more than 136 RBs with 30kHz SCS and following Capability 1 processing time. As shown in Figure 12, processing a PDSCH with large RBs may impact the UE processing pipeline for next PDSCH following Capability 2, so the prior PDSCH processing can be dropped. 
[image: ]
Figure 12. Example of R15 PDSCH processing procedure

However, we should assume that in non-ideal backhaul case, UE is able to process two PDSCHs from two TRPs concurrently to make sure that processing one of the two PDSCHs may not impact processing another PDSCH. In this case, the current PDSCH processing procedure should be updated to match the UE processing capability for multi-TRP. Such as, the UE would skip decoding a number of PDSCHs with last symbol within 10 symbols before the start of a PDSCH that is scheduled to follow Capability 2 processing time, if any of those PDSCHs are scheduled with more than 136 RBs with 30kHz SCS and following Capability 1 processing time, and all the PDSCHs are scheduled by the CORESET with same higher layer index.
[image: ]
Figure 13. Example of PDSCH processing procedure for multi-TRP
Proposal 6: For M-DCI based NCJT transmission, the order/restrictions of PDSCH scheduling/HARQ defined in Rel-15 can be applied, only if scheduling/HARQ from the PDCCHs from the CORESETs with the same higher layer index. 

Reliability/Robustness enhancement with Multi-TRP/Panel transmission
PDSCH Transmission scheme 1a 
The PDSCH scheme 1a enables the transmission from multiple TRPs, where the time-frequency resources of different TRPs are fully-overlapped. The scheme description in e-mail discussion [96-NR-09] was provided:
· Scheme 1a (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation 
· Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s). 
· Single codeword with one RV is used across all spatial layers or layer sets. From the UE perspective, different coded bits are mapped to different layers or layer sets with the same mapping rule as in Rel-15. 
· Applying different MCS/modulation orders for different layers or layer sets can be discussed.
Accordingly, the scheme 1a only support single CW transmission with single redundancy version across all the transmission layers from multiple TRPs. The scheme 1a is highly similar with the single-DCI based M-TRP transmission for eMBB so far. Therefore it can be simply up to URLLC applications using lower MCS& coding rate to improve the reliability. In this sense, the URLLC scheme 1a should reuse the indication mechanism of TCI association and DMRS port index configuration for single-DCI based M-TRP transmission for eMBB as much as possible. 
Proposal 7: The URLLC scheme 1a can reuse single-DCI based M-TRP transmission mechanism for eMBB with following considerations:
· Support up to 2 TCI states in one codepoint, each of which corresponds to one CDM group
· Support the DMRS port combination of 1+1, 1+2, 2+1, 2+2
PDSCH Transmission scheme 2a/2b
The PDSCH schemes 2a/2b can support the transmission from multiple TRPs, where the time-frequency resources of different TRPs are multiplexed in frequency domain. The schemes description in e-mail discussion [96-NR-09] was provided:
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation 
· Each non-overlapped frequency resource allocation is associated with one TCI state.
· Same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations.
· Scheme 2a: 
· Single codeword with one RV is used across full resource allocation. From UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation. 
· Scheme 2b: 
· Single codeword with one RV is used for each non-overlapped frequency resource allocation. The RVs corresponding to each non-overlapped frequency resource allocation can be the same or different.
· Applying different MCS/modulation orders for different non-overlapped frequency resource allocations can be discussed.
· Details of frequency resource allocation mechanism for FDM 2a/2b with regarding to allocation granularity, time domain allocation can be discussed.
· TBS alignment for scheme 2b
In the scheme 2b, each TRP transmits a codeword, where the TB of one codeword is a replica to the TB of another codeword. In this sense, the TB size of each codeword should be the same. However, it is possible that the time-frequency resources allocated for each codeword are different due to various reasons. In order to align the TBS, for one of the codewords, its coding rate can be calculated according to the T-F resources and the modulation order indicated by MCS. In this case, the gNB only needs to indicate one MCS, the TBS can be aligned automatically for un-equal T-F resources allocations for scheme 2b.
Proposal 8: For URLLC schemes 2b, support common modulation order and TB size across different TB repetitions. 
PDSCH Transmission scheme 3/4
The PDSCH schemes 3/4 can support the transmission from multiple TRPs, where the time-frequency resources of different TRPs are multiplexed in time domain. The schemes description in e-mail discussion [96-NR-09] was provided:
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation 
· Each transmission occasion of the TB has one TCI and one RV with the time granularity of mini-slot. 
· All transmission occasion (s) within the slot use a common MCS with same single or multiple DMRS port(s).  
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across mini-slots with the same TCI index
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K (n<=K) different slots. 
· Each transmission occasion of the TB has one TCI and one RV.  
· All transmission occasion (s) across K slots use a common MCS with same single or multiple DMRS port(s) 
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across slots with the same TCI index

· Handling for conflict
Generally, the TD-RA of the first TB transmission can be dynamically indicated via DCI, while the TD-RAs of the repetition transmissions are usually determined according to a pre-defined rule and the semi-statically configured repetition factor. The first TB may have the flexibility to avoid conflict with other urgent traffics (e.g. AP CSI-RS) or some uplink symbols etc. But for the repetition transmission, the conflicts happens. 
One simple option is transmitting the conflicted repetition transmission right behind the urgent traffic symbols. In case there is no resource left to accommodate the postponed repetition transmission, it can be dropped. To be noted, as the TB repetitions in scheme 3 & 4 should use a common MCS and are with same single or multiple DMRS port(s), the T-F resources of each repetition have to be exactly the same as well. 
As shown in Figure 14, the TD-RA of the 2nd PDSCH occasion conflicts with AP CSI-RS resource. According to above rule, the 2nd PDSCH may first try to postpone the transmission for one symbol. As there are two symbols gap between adjacent PDSCH occasions, so that the 2nd PDSCH is not dropped. For the 4th PDSCH occasion, it is conflicted with an uplink symbol. However, after the uplink symbol, there is no space to fit for 2 symbol length PDSCH within the slot boundary. In this case, the 4th PDSCH can be dropped. 
Proposal 9: For scheme 3, consider to move the repetition occasion before dropping when it is conflicted with UL symbols, or more urgent traffics. 
[image: ]
Figure 14. Dealing with the conflict between repetition transmission and other urgent traffic or UL symbols
· Channel interpolation
As well know, the joint channel estimation have the extra benefit in against severe channel condition. The straightforward example is the use of additional DMRS column in medium or high mobility scenarios. In URLLC scheme 3 & 4, same single or multiple DMRS port(s) are assumed to be applied across different TB repetition transmissions. In this sense, the channel interpolation can be naturally supported for scheme 3 & 4.
On the other hand, it may cause the latency issue. Thus if the channel interpolation is to be supported, an ON/OFF switch is necessary. To be noted, the channel interpolation should be performed on TB repetition transmission associated to the same QCL information. 
Proposal 10: Consider to support channel interpolation for URLLC schemes 3/4 with an ON/OFF signaling via RRC or a reserved bit in DCI.
· HARQ-ACK enhancement

In Rel-15, PDSCH occasion is used to determine the HARQ-ACK bits. In Rel-15, The PDSCH occasion can be determined as following, each row of the table for SLIV is used to determine the PDSCH occasion and if the time domain resource of the two rows are overlapped, they are counted as one PDSCH occasion considering that they cannot be simultaneously scheduled, To be more specific, in section 9.1.2.1 of TS 38.213, UE would determine a set of  occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code:

Set  - index of occasion for candidate PDSCH reception or SPS PDSCH release

Set 
…

Set  to the set of rows


Set  – index of row in set 


Set  to the cardinality of 


Set  to the smallest last OFDM symbol index, as determined by the SLIV, among all rows of 
…

while 



if  for start OFDM symbol index  for row  

;
end if

; 
end while



;


Set  to the smallest last OFDM symbol index among all rows of ;
…
After the above procedure, two r in set R would be associated with one PDSCH occasion which corresponds to one HARQ-ACK bit, when the last symbol of the 1st r is smaller than the 2nd r and the start symbol of 2nd r is smaller than the last symbol 1st r.
For example, the table for SLIV is configured as following, and two PDSCH occasions are determined and will be associated with two HARQ-ACK bits. If we further consider to use scheme-3, such as, repetition time equals to 2 is configured, we can see that the two PDSCH occasions are actually overlapped, so they should be counted as one PDSCH occasion to avoid redundant HARQ-ACK bits. 
Required clarification at the UE is that the UE should determine the actual time domain resource of each row according to S and L in each row of the table taking into account actual repetition occasions and the possible gap between two repetitions, so that the start symbol and the last symbol for each row can be determined and Rel-15 mechanism to determine PDSCH occasion can be reused.
Table 8. An example for the table configured for SLIV
	Row index
	PDSCH mapping type
	K0
	S
	L

	1
	Type B
	0
	3
	4

	2
	Type B
	0
	8
	2
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Figure 15. Example for PDSCH occasion determination
Proposal 11: For URLLC scheme 3, actual repetition occasions in time domain as well as the gap between two repetitions should be taken into account in addition to each row of the SLIV table, when UE determines the PDSCH occasion for generating semi-static HARQ-ACK codebook.
Combined PDSCH schemes
Based on scheme 1a/2a/2b/3/4, the following combinations can be considered:
· SDM+TDM: combined schemes 1a and 3/4
· TDM within slot + TDM across slots: combined scheme 3 and 4
Basically, the TDM scheme can be combined with any other schemes. However, the drawback of TDM scheme is the latency and inefficient resource utilization. It can be balanced by the combined schemes of SDM+TDM. The TDM schemes of 3 and 4 provides two options to combine with scheme 1a, which probably is dependent on latency requirements. On the other hand, it is also possible to support the combined scheme of 3 and 4. For example, assume the TB is to be repeated 4 times. By using scheme 3 only, the PDSCH symbol length for each repetition is limited to 2. By using scheme 4 only, the latency is 4 slots. Thus, a combined scheme 3 and 4 can support 4 repetitions with more flexible scheduling and better latency performance. 
Proposal 12: At least support combined schemes of 1a and 3/4, and combined schemes of 3 and 4 scheduled by single PDCCH.

Single PDCCH based multi-TRP/Panel transmission
In RAN1#97 meeting, some detailed principles have been agreed for single front-load symbol DMRS and eMBB. 
Agreement
Support following principles for DMRS port indication design for NCJT transmission based on single PDCCH multi-TRP, at least for single front-load symbol and eMBB
· Antenna port field size is the same as Rel-15, at least for DCI format 1-1
· At least support following layer combinations from two TRPs indicated by antenna port field:
· 1+1, 1+2, 2+1, 2+2 for single CW and SU, at least for DCI format 1-1
· To be evaluated to determine whether introducing following design principles for DMRS entries in RAN1#98: 
· 1+3 and/or 3+1
· MU cases, i.e. between NCJT UE+NCJT UE and NCJT UE+S-TRP UE
· Two CWs for the case of total layers of NCJT reception more than 4

As elaborated in [2], for single PDCCH based NCJT transmission, it is beneficial to support MU pairing cases, i.e., M-TRP UE and S-TRP UE, and M-TRP UE and M-TRP UE, and enhancing DMRS port indication with two front-load symbols. For better explanation, examples of DMRS tables are given in Tables D1-D4 in Appendix D, where new entries for MU (in blue) and 2 front-load symbols (in purple) are provided. It can be found that supporting MU and 2 front-load symbols will not increase any DCI overhead if we have a Rel-16 table for M-TRP only, but provides much more scheduling flexibility for gNB.

Enhancement on Multi-beam Operation to Reduce Latency and Overhead
Signaling optimization
MAC CE based spatial relation update for aperiodic SRS resource set
To address frequent RRC (re)configuration of aperiodic SRS spatial relation, in previous meetings, MAC CE based spatial relation update for aperiodic SRS is introduced, and it is agreed that this newly introduced MAC-CE is per resource level for at least 3 supported SRS usages as codebook-based UL, non-codebook-based UL, beam management. Although for the usage of antenna switching, a same working assumption is made, there is a good reason to extend the support to per resource set level. A SRS resource set configured with usage 'antennaSwitching' is usually used for channel status information acquisition, there is no chance that those resources inside one set will be configured with a different Tx beam, otherwise UE would be confused on how to switch its antennas. Thus, MAC CE based spatial relation update for aperiodic SRS per resource set level should be supported for 'antennaSwitching' SRS to avoid repeated per resource spatial relation updates. Both explicit and implicit solutions can be considered. For example, Rel-16 can introduce an extra explicit per set spatial relation indication MAC-CE or Rel-16 can regulate that UE should update the Tx beam for all SRS resources in an 'antennaSwitching' SRS resource set even if MAC-CE signaling only updates spatial relation for one resource.
Proposal 13: For latency/overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource set level if usage is configured as 'antennaSwitching'. 

Physical layer solutions towards BM latency reduction
[bookmark: _Ref533578582][bookmark: _Ref525921013]Low correlation beam selection 
It may be affordable for the network and UE to carry out one round of beam training by even exhaustively search all the beam pair combinations, however, what is unacceptable is that the beams selected after the exhaustive search are not fulfilling the gNB requirements and another round of beam training is needed, and then another round… This undesired situation would likely happen by using Rel-15 L1-RSRP based beam measurement and reporting, which has no clear guidance from gNB. The beams selected by the UE, most probably via max-RSRP rule, are not useful if gNB would like to do two-beam multiplexing transmission for capacity enhancement, or to do two-beam diversity transmission for robustness enhancement, or simply a pair of backup beams that gNB could do fast beam switch to combat blockage.
For example, with the largest N RSRP(s), spatially adjacent gNB Tx beams may be selected. Figure 16 shows the RSRP distribution of all gNB Tx beams in a contour map. For beam reporting with largest N RSRPs, UE would only select beams around the peak to report, for example, beam A and beam C in Figure 18 if N = 2. As one may expect, these reported beams are not suitable as back-up beams and hence the system will be less robust to blockage. In this case, to obtain beams that are suitable for serving as back-up, for example, beam A and beam B in Figure 16, gNB may configure more rounds of beam measurement/reporting, leading to a large latency/overhead. 
Some possible solutions in this category can be, for example, to specify and allow gNB to inform UE the rule for beam selection. For example, UE can be asked to report gNB Tx beams with low spatial correlation. In this way, the selected and reported Tx beams will be more suitable for improving the system robustness via multi-gNB-panel/beam diversity-transmission. The figure also demonstrates the gain of reporting lowly correlated beams A and B over the highly correlated beams A and C. Since beams A and C are highly correlated, when beam A is blocked, beam C cannot be used as a good back-up. Instead, beam B brings more robustness and can be used as a back-up to prevent the severe RSRP degradation (>20dB). Ultimately, the time needed to find the most suitable beams can be reduced under gNB instruction.
Observation 4: Implicit and UE-implementation-based beam selection in Rel-15 would cause unnecessary latency.  
Proposal 14: For latency reduction, support defining beam selection rules to report lowly correlated beams.
[image: ]
[bookmark: _Ref525920910]Figure 16. Measured L1-RSRP of gNB Tx beams
[bookmark: _Ref533753621]
Physical layer solutions towards BM overhead reduction
Multiplexing data and beam sweeping RS
Rel-15 BM introduces severe system overhead due to the transmissions of beam-sweeping reference signals and information, including SSB, CSI-RS for BM, TRS, RMSI, OSI, etc. Furthermore, the restrictions on the scheduling due to FR2 simultaneous reception capability is very strict that those beam-sweeping RS may occupy the whole OFDM symbols and the beam-sweeping behaviour prevents the scheduling opportunity on those symbols. It is a huge overhead considering the large bandwidth in FR2. In this section, we discuss the possible solutions to reduce the overhead in FR2.
The restrictions on the scheduling is very strict that those beam-sweeping RS may occupy the whole OFDM symbols and the beam-sweeping behaviour prevents the scheduling opportunity on those symbols. It is a huge overhead especially considering the large bandwidth in FR2. Assuming all 64 SSBs are configured to all UEs in the cell as BM resources, in Table 9, the overhead from scheduling restriction around SSBs, i.e., the ratio of the number of symbols occupied by 64 SSBs to the total number of OFDM symbols within one SSB period, are provided. As can be seen, the overhead is considerably large (> 10%) even with the typical configuration of 10 or 20ms SSB periodicity. It is true that the overhead can be reduced with a larger SSB periodicity, but the latency of initial access will be increased proportionally and hence is not a preferred solution. 
[bookmark: _Ref100721]Table 9. Overhead from scheduling restriction around SSB (120kHz SCS for PDSCH and SSB)
	SSB periodicity (ms)
	# of available DL symbols (DL:UL = 4:1)
	# of symbols for 64 SSBs
	Overhead

	10
	1120 * 0.8
	256
	28.57%

	20
	2240 * 0.8
	256
	14.29%


A possible solution can be relaxing the scheduling constraints in certain scenarios, for example, in certain SSB transmission duration when UE does not perform any RX beam sweeping, as shown in the figure below. One specific example can be relaxing the scheduling constraints for some of the SSBs used to do L1-RSRP measurement. There are two different types of measurement behaviours for SSB based L1-RSRP measurement. One is that if ReportQuantity is configured as “none”, UE could sweep its Rx beam during the SSB to find a best Rx beam, and in this case, no PDSCH is allowed to be transmitted on those symbols carrying SSBs. The other is that when ReportQuantity is configured as “ssb-Index-RSRP”, UE should fix its Rx beam during one SSB L1-RSRP measurement to have an accurate L1-RSRP calculation (possibly combining/averaging the measurement results on SSS and PBCH DMRS and hence no Rx beam sweeping), and in this case, PDSCH can be FDMed with SSBs and UE can use the same Rx beam to receive both of them. With such a distinction and conditional behaviour, the overhead from scheduling restriction of beam-swept SSB transmission can be alleviated and gNB is also provided with more control of UE Rx beam sweeping behaviour.
[image: ]
Figure 17. Two different UE receiving behavior for SSB reception (with/without UE Rx beam sweeping)
Proposal 15: For overhead reduction, support no scheduling restriction on multiplexing of SSBs for L1-RSRP reporting and UE-specific PDSCH when the ReportQuantity is configured as “ssb-Index-RSRP” in Rel-16.
DMRS-based beam management
In Rel-15, only dedicated SSBs and/or CSI-RS/SRS resources can be configured to train gNB/UE beams for UL/DL communications. Considering fast channel variation due to the mobility/rotation, BM RS may need to be configured with a relatively small periodicity, which introduces a high overhead. Otherwise, if the BM RS periodicity is large, the risk of serving beam failure increases. 
To address this issue, reusing existing RS, such as DMRS, could be one of the methods to achieve some trade-off between larger-periodicity BM RS and robustness of beam-based transmissions. Compared to Rel-15 BM, in addition to the periodic CSI-RS, UE can do measurement and reporting based on DMRS to monitor the quality of current beams in use. Once the serving beam quality falls below a threshold, with DMRS-based beam measurement and reporting, as shown in Figure 18, the gNB can do fast beam switch or trigger a new round of BM with aperiodic CSI-RS resources. Thus, with the help of DMRS, periodic beam sweeping CSI-RS can be transmitted with a larger periodicity, which can effectively reduce overhead, as shown in Table 10, for Rel-15 BM, 64 CSI-RS resources are configured, each with 5 ms periodicity. With the help of DMRS, the periodicity of CSI-RS can be 10ms. The overhead is calculated in a way by assuming each BM CSI-RS resource occupying one OFDM symbol during transmission.
Therefore, we have the following proposal,
Proposal 16: For overhead reduction, support DMRS based beam management in Rel-16.
[image: ]
[bookmark: _Ref533783947]Figure 18. An example of DMRS-based beam management
[bookmark: _Ref534982136]Table 10. OFDM symbols carrying CSI-RS resources for BM
	# of available DL symbols in 100ms
120KHz SCS, (DL:UL = 4:1)
	Rel-15 BM overhead
5-ms CSI-RS periodicity
64 CSI-RS resources 
	DMRS-based BM overhead
10-ms CSI-RS periodicity
64 CSI-RS resources

	8960
	64 * (100/5) / 8960 = 14.28%
	64 * (100/10) /8960 = 7.14%


Further enhancement on cross-carrier beam management
Although Rel-15 specification includes CC/BWP ID in TCI, i.e., reference signals on one CC/BWP can be used as the QCL reference for the PDCCH/PDSCH DMRS on the other CC/BWP, it is not always the best way for the gNB to do so. There are several reasons. One is that since UE can support one active BWP per CC at a time, the trained beam on the currently active BWP may not be suitable for the next-activated BWP, since the time gap between the usages of different BWPs may be large. Another reason is that due to the large bandwidth, different FR2 CCs may not be always QCLed w.r.t. the spatial RX parameters.
[image: ]
[bookmark: _Ref534310078]Figure 19. Received power difference from 2 CCs in LOS and NLOS environments respectively
Figure 19 investigates QCL relationship between two 400MHz-separated CCs (i.e., 28GHz and 28.4GHz center carrier frequency respectively) by also considering UE movement. By placing UEs away from gNB along a line, it presents the probability of power difference smaller than 3 dB between two carriers in LOS and NLOS scenarios respectively. If we define that two carriers are spatially QCLed when this probability > [0.8], UEs at different positions in different scenarios may have different deductions on whether these two carriers are spatially QCLed or not. In particular for NLOS, the probability varies dramatically depending on the Tx-Rx distance and other factors due to the complicated propagation environment. As observed in the figure, when UE moves far away from the gNB in a NLOS environment, the receive power difference of two different CCs seems decreased. One possible reason is that in the specific measurement scenario, a stronger reflecting path is becoming more dominant when UE moves far away from the gNB. With this kind of complications in mind, it is a better choice that UEs can measure and report to let gNB having correct information to maintain the spatial QCLed component carriers. For those CCs are not actually QCLed, cross-carrier beam indication may be prevented. 
Observation 5: Depending on evaluation criteria, multiple CCs in one FR2 band are not always spatially QCLed (i.e., beam pair used for one CC may not be optimal for the other CC in terms of received RSRP).
Proposal 17: To enable cross-carrier BM for overhead reduction, support UE feedback the availability of spatial QCL relation between FR2 CCs.

Low PAPR RS sequence
In previous meetings, CGS sequences with length 6, 12, 18 and 24 of PUSCH with pi/2 BPSK modulation and related configuration/signaling method have been agreed [7][9]. 
	Agreement
For length-6 CGS, specify the sequences given by the following table for both comb#1 and comb#2. 
Agreement
Rel-15 NR DM-RS Type 1 mapping is used for the DM-RS sequences of PUSCH transmission with π/2-BPSK modulation. 
· Applies for Rel-16 for all sequence lengths

Agreement
The PUCCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUCCH is a single port
Agreement
The PUSCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUSCH is up to two ports for one OFDM symbol, four ports (TD-OCC across OFDM symbols) for two OFDM symbols.


In this section, we will discuss the remaining issues including the scrambling ID configuration for PUCCH format 4 a little further and how to avoid the interference between CGS sequences with different sequence lengths based on the agreed CGS sequences in Rel-16.

Discussion on the dimension on PUCCH format 4
[bookmark: _Ref5017756]During last meeting, there is a proposal for supporting up to 4 hopping IDs for PUCCH format 4 for pi/2 BPSK cases:
· When Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 4, two (if occ-length=2) or four (if occ-length=4) hoppingID (, , , ) can be configured by RRC 
· Used in  and  to determine the CGS group index 
· UE determines the  where occ-index is the occ-index associated with the PUCCH format 4 resource 
However, for the case of low PAPR RS which is normally used for cell edge case, multi-user scheduling for this case is rare. So, an agreement was already there for PUCCH, only 1 port is supported.
The proposal to introduce multiple scrambling IDs for PUCCH seems not necessary for the low PAPR use case, and also violate the previous agreement. So, it is not positive from our side.

Issue for sequences interference 
Reducing the PAPR for DMRS sequences is beneficial for UL coverage. However, if there is interference for the sequences with low PAPR, the benefits of introducing sequences with low PAPR will be lost.
In NR, similar as in LTE, the base sequences with different lengths are divided into 30 groups. The new length-6, length-12, length-18 and length-24 CGS sequences will be allocated into sequence groups with other lengths sequences and different groups of sequences with different lengths will be used in different cells. In order to reduce inter-cell interference, the cross-correlation of sequences with different lengths from different groups should be minimized, since those sequences may collide with each other. But the sequences with different lengths from same group won’t collide with each other, so sequences with high cross-correlation should be allocated into the same group to minimize the cross-correlation of sequences with different lengths from different groups.
Rel-16 CGSs would be applied to PUCCH with Pi/2-BPSK such as PUCCH format 3/4 (PF3/4) or PUSCH with Pi/2-BPSK. As they will be used in different cells, the CGSs in one cell may collide with sequences including CGS with different length from other cells, respectively. Therefore, inter-cell interference arises due to the cross-correlation among such colliding sequences. The following are some exemplary collision scenarios: 
•	PF4 DMRS collide with PF3 DMRS (>= 2PRB)
•	PF3 DMRS collide with PF3 DMRS with different lengths (due to different number of PRB allocated)
•	DMRS of PUSCH collide with DMRS and of PUCCH
•	DMRS of PUSCH collide with DMRS of PUSCH with different length
From the listed scenarios, it can be observed that the occurrence of such collision is quite frequent and therefore needs more attention. For those shorter sequences like CGS, the interference could be strong since it will be used with higher PSD than longer sequences. Thus, the careful utilization of CGS is needed.
In this case, how to reduce the interference should be considered carefully. However the current ordering of sequences in each group did not take it into account and thus in real scenarios, some base sequences with different sequence in the neighboring cells may have higher cross-correlation which could lead to severe inter-cell interference and deteriorated performance. 

Sequence re-ordering to reduce the interference
Interference from short sequence to long sequence is small due to the fact that only partial elements is overlapped for the long sequence, but interference from long sequence to short sequence may be very severe. So, only interference from long sequence to short sequence is considered for the re-ordering of CGS [10]. 
The sequence inter-cell interferences can be represented by sequence cross-correlation, where the analysis on the relationship between cross-correlation and interference is provided in Appendix-C. So, in the following, we simulated the cross-correlation for the cases with and without sequence re-ordering.
From the results in Table 11-13, it can be seen that the number of sequences with higher cross-correlation can be reduced obviously. At the same time, the maximum cross-correlation for the sequences also can be reduced. To be more specific, Table-11 shows the cross-correlation performance with reordering of length-24 CGS sequences, where the number of sequences with cross-correlation higher than 0.6 (threshold) is reduced from 46 to 0. And then, the maximum cross-correlation is reduced from 0.735 to 0.558. Table-12 and Table-13 show the cross-correlation performance with reordering for length-18 and 12, respectively. In the above simulation, the reordered sequences are used as listed in Appendix-B, and the threshold for each length is selected based on cross-correlation of sequences in different sequence groups with the same length.
It should be pointed out that re-ordering of CGS does not introduce any new CGS sequences but simply change the group they belong to. Therefore the impact to the specification is minimal. From implementation perspective especially at UE side, the changes only affect group index for these CGS and shall be easily accommodated by the implementation. More detailed evaluation results can be found in [11].
Table 11. Cross-correlation performance with sequence reordering for Length-24
	
	ZC Sequence

	Length-24 CGS
	46 sequences --> 0 sequences 
with XC higher than 0.6

	Max. Corr
	Max XC 0.735 --> 0.558



Table 12. Cross-correlation performance with sequence reordering for Length-18
	
	ZC Sequence & Length-24 CGS

	Length-18 CGS
	43 sequences --> 7 sequences 
with XC higher than 0.68

	Max. Corr
	Max XC 0.753 --> 0.658



Table 13. Cross-correlation performance with sequence reordering for Length-12
	
	ZC Sequence &Length-18 CGS& Length-24 CGS

	Length-12 CGS
	23 sequences --> 2 sequences 
with XC higher than 0.77

	Max. Corr
	Max XC 0.818 --> 0.803



The above evaluation shows that the cross-correlation can be significantly reduced with introduce sequence re-ordering, which means less inter-cell interference. Based on the analysis and evaluation, the sequence reordering should be supported to reduce the cross-correlation.
Proposal 18: Support the re-ordering shown in the Appendix B for length-6, length-12, length-18 and length-24 CGS for DFT-s-OFDM to reduce the inter-cell interference.

NR Sub-3GHz FDD MIMO Further Enhancement
It is well-known that sub-3GHz spectrum has the advantages of small penetrating loss and wide coverage. Typically, almost all the operators in the world own sub-3GHz bands for cellular deployment. Additionally, as licensed for 2G/3G spectrum gradually is expiring or 2G/3G business is gradually declining, it is highly possible that operators will deploy NR in these gold bands in the future. In order to maximize the commercial value of NR re-farming below 3GHz, further enhancement of NR FDD MIMO should be considered. Therefore, a perfect solution with further higher performance for FDD, lower feedback overhead and much lower complexity at UE side will be a promising direction to offer a super performance-cost trade-off for Sub-3GHz FDD. Historically, channel reciprocity modelling of FDD ever was studied in 3GPP and some solutions on CSI by utilizing channel partial reciprocity for FDD to design CSI scheme, e.g. type II port selection codebook, have been discussed and specified, but only reciprocity of angle in FDD channel model was utilized. Actually, based on the real channel measurement in sub-3GHz performed by academic and industry, there is still some additional channel property or channel coefficients that can be reciprocal or partial reciprocal between DL and UL channel for FDD. Therefore, some potential solution can be studied and specified by utilizing such additional partial reciprocity to realize the goal, e.g. enhanced port selection codebook based on angle and delay reciprocity of FDD channel.
Observation 6: In order to facilitate re-farming sub-3GHz to NR, further enhancement on CSI acquisition based on FDD channel partial reciprocity (e.g. angle and delay) can be considered.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The contribution discusses enhancement on MIMO for R16, based on which the following observations and proposals are made.
For CSI enhancement for MU-MIMO support
Observation 1: For the value of α, α=2.0 and α=2.5 have similar performance and overhead, which has a slight advantage over α=1.5.
Observation 2: Alt 0 without padding is with better performance than padding schemes, i.e., Alt. 1.1/1.2/1.3/1.4.
Proposal 1: Parameter combination reduction for (L, p, β) should take into account numbers of CSI-RS ports, rank 1-4, performance difference and reporting payload.
Proposal 2: For the value of α, support single value α=2.0.
Proposal 3: For the value of N3 when NSB*R > 13, Alt0 without padding is preferred to avoid risks of fragmented UE implementation and performance loss.

For enhancement on multi-TRP/panel transmission
Observation 3: Additional parameter Ap as primitive root of 65537, e.g. {39828, 39840, 39853} could be beneficial than prime number.
Proposal 4: Each DCI in multi-DCIs is present or not can be implicitly indicated by another DCI in case of ideal backhaul.
Proposal 5: The UE is not required to monitoring a PDCCH candidate of a CORESET when at least one RE of the PDCCH candidate is overlapped with the CRS associated with the CORESET.
Proposal 6: For M-DCI based NCJT transmission, the order/restrictions of PDSCH scheduling/HARQ defined in Rel-15 can be applied, only if scheduling/HARQ from the PDCCHs from the CORESETs with the same higher layer index. 
Proposal 7: The URLLC scheme 1a can reuse single-DCI based M-TRP transmission mechanism for eMBB with following considerations:
· Support up to 2 TCI states in one codepoint, each of which corresponds to one CDM group
· Support the DMRS port combination of 1+1, 1+2, 2+1, 2+2
Proposal 8: For URLLC schemes 2b, support common modulation order and TB size across different TB repetitions. 
Proposal 9: For scheme 3, consider to move the repetition occasion before dropping when it is conflicted with UL symbols, or more urgent traffics. 
[bookmark: _GoBack]Proposal 10: Consider to support channel interpolation for URLLC schemes 3/4 with an ON/OFF signaling via RRC or a reserved bit in DCI.
Proposal 11: For URLLC scheme 3, actual repetition occasions in time domain as well as the gap between two repetitions should be taken into account in addition to each row of the SLIV table, when UE determines the PDSCH occasion for generating semi-static HARQ-ACK codebook.
Proposal 12: At least support combined schemes of 1a and 3/4, and combined schemes of 3 and 4 scheduled by single PDCCH.

For enhancement on multi-beam operation
Observation 4: Implicit and UE-implementation-based beam selection in Rel-15 would cause unnecessary latency.  
Observation 5: Depending on evaluation criteria, multiple CCs in one FR2 band are not always spatially QCLed (i.e., beam pair used for one CC may not be optimal for the other CC in terms of received RSRP).
Proposal 13: For latency/overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource set level if usage is configured as 'antennaSwitching'. 
Proposal 14: For latency reduction, support defining beam selection rules to report lowly correlated beams.
Proposal 15: For overhead reduction, support no scheduling restriction on multiplexing of SSBs for L1-RSRP reporting and UE-specific PDSCH when the ReportQuantity is configured as “ssb-Index-RSRP” in Rel-16.
Proposal 16: For overhead reduction, support DMRS based beam management in Rel-16.
Proposal 17: To enable cross-carrier BM for overhead reduction, support UE feedback the availability of spatial QCL relation between FR2 CCs.

For low PAPR RS sequence
Proposal 18: Support the re-ordering shown in the Appendix B for length-6, length-12, length-18 and length-24 CGS for DFT-s-OFDM to reduce the inter-cell interference.

For NR sub-3GHz FDD MIMO further enhancement
Observation 6: In order to facilitate re-farming sub-3GHz to NR, further enhancement on CSI acquisition based on FDD channel partial reciprocity (e.g. angle and delay) can be considered.
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Appendix A: Evaluation parameters of CSI enhancement
	Parameters
	Dense Urban (Macro layer only)

	Duplex mode
	FDD

	Carrier frequency
	4GHz

	Subcarrier spacing
	15kHz for 10MHz

	System bandwidth
	10MHz (13 subbands, 4 PRBs for each subband)

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	Channel model
	SCM-3D-UMa

	Inter-BS distance
	200m

	Minimum distance
	35m

	BS antenna height
	25m

	BS Tx power
	41dBm

	BS antenna configuration
	 (M, N, P, Mg, Ng, Mp, Np) = (8,8,2,1,1,2,8), (dH, dV) = (0.5, 0.8) λ

	UE antenna configuration
	(M, N, P, Mg, Ng, Mp, Np) = (1,1,2,1,1,1,1); 
the polarization angles are 0 and 90

	UE distribution
	80% indoor, 3km/h; 20% outdoor, 30km/h

	UE receiver
	MMSE-IRC

	MIMO scheme
	SU/MU-MIMO switch

	Scheduler
	PF

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Feedback assumption
	Realistic

	Channel estimation
	Realistic



Appendix B: Re-ordering of different length of Rel-16 CGS sequences
	Seq index
	CGS Length=24
	CGS Length=18
	CGS Length=12
	CGS Length=6

	0
	25
	12
	3
	19

	1
	13
	17
	27
	2

	2
	6
	21
	4
	24

	3
	12
	0
	10
	28

	4
	28
	28
	21
	21

	5
	8
	26
	14
	1

	6
	7
	18
	9
	11

	7
	15
	6
	22
	29

	8
	24
	3
	16
	0

	9
	5
	1
	19
	23

	10
	1
	11
	28
	26

	11
	14
	25
	23
	3

	12
	17
	23
	8
	25

	13
	3
	7
	5
	6

	14
	21
	27
	1
	12

	15
	29
	8
	25
	18

	16
	22
	19
	6
	10

	17
	0
	10
	20
	14

	18
	2
	29
	29
	27

	19
	11
	9
	26
	7

	20
	10
	20
	7
	20

	21
	27
	4
	24
	13

	22
	18
	14
	15
	9

	23
	20
	13
	13
	22

	24
	23
	16
	17
	5

	25
	4
	15
	18
	15

	26
	9
	22
	2
	4

	27
	19
	24
	11
	8

	28
	16
	5
	12
	16

	29
	26
	2
	0
	17



Appendix C: Effect of cross-correlation on performance
In commercial networks which are interference-limited, interference is the main factor determining the performance of system. For UL, the main interference is from UE at adjacent cells, especially for the dense urban where inter-site distance is small. As we know, NR will have shorter inter-site distance than current networks due to its higher frequency band, therefore dense urban is one of the most important application scenarios of NR. As higher cross-correlation will cause more severe interference, it is important to minimize the higher cross-correlation in order to reduce inter-cell interference for NR. 
Reducing cross-correlation of sequences is an effective method of suppressing inter-cell interference. Considering an interference-limited scenario, where a PUCCH using CGSs colliding with a PUCCH using different length sequences from adjacent cell, and assuming noise can be neglected and no existence of other interference source, the received signal can be written as:
,
where  is expected CGS, andis the interference sequence. By multiplying the received signal by, one can get:
.
Then SIR at the receiver can be derived as
,
where c is the cross-correlation of two sequences. It can be observed that the interference power is in proportional to the cross-correlation and reducing it could improve the SIR. For example, reducing cross-correlation of two sequences form 0.735 to 0.558 can lead to dB decrease in interference power, which is equivalent to 2.39 dB gain in SIR if the noise power and other interference is ignored. In the real interference-limited scenario, noise can normally be negligible compared to the interference [10].

Appendix D: DMRS port indication table for single-PDCCH based multi-TRP/panel transmission
Table D1-D4 provides examples of DMRS indication tables for single PDCCH multi-TRP eMBB transmission with two front-load symbols and MU cases, where different color means
· Black: Rel-15 legacy entries
· Red: new entries for M-TRP with single front-load symbol DMRS
· Purple: new entries for M-TRP with two front-load symbols DMRS
· Blue: new entries for MU
Table D1: DMRS port indication for Type 1 with max 1 symbol
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0,2

	1
	2
	1,3

	2
	2
	0,1,2

	3
	2
	1,2,3

	4
	2
	0,1,2,3

	5-15
	Reserved
	Reserved



Table D2: DMRS port indication for Type 1 with max 2 symbols
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,2
	1
	0
	2
	0-4
	2

	1
	2
	1,3
	1
	1
	2
	0,1,2,3,4,6
	2

	2
	2
	0,1,2
	1
	2
	2
	0,1,2,3,4,5,6
	2

	3
	2
	1,2,3
	1
	3
	2
	0,1,2,3,4,5,6,7
	2

	4
	2
	0,1,2,3
	1
	4-31
	Reserved
	Reserved
	Reserved

	5
	2
	0,2
	2
	
	
	
	

	6
	2
	1,3
	2
	
	
	
	

	7
	2
	4,6
	2
	
	
	
	

	8
	2
	5,7
	2
	
	
	
	

	9
	2
	0,1,2
	2
	
	
	
	

	10
	2
	3,4,6
	2
	
	
	
	

	11
	2
	0,1,2,3
	2
	
	
	
	

	12
	2
	4,5,6,7
	2
	
	
	
	

	13-31
	Reserved
	Reserved
	Reserved
	
	
	
	



Table D3: DMRS port indication for Type 2 with max 1 symbol
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0,2
	0
	3
	0-4

	1
	2
	1,3
	1
	3
	0-5

	2
	2
	0,1,2
	2-31
	Reserved
	Reserved

	3
	2
	1,2,3
	
	
	

	4
	2
	0,1,2,3
	
	
	

	5
	3
	0,2
	
	
	

	6
	3
	1,3
	
	
	

	7
			   3
	0,1,2
	
	
	

	8
	3
	3,4,5
	
	
	

	9
	3
	0,1,2,3
	
	
	

	10-31
	Reserved
	Reserved
	
	
	



Table D4: DMRS port indication for Type 2 with max 2 symbols
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,2
	1
	0
	3
	0-4
	1

	1
	2
	1,3
	1
	1
	3
	0-5
	1

	2
	2
	0,1,2
	1
	2
	2
	0,1,2,3,6
	2

	3
	2
	1,2,3
	2
	3
	2
	0,1,2,3,6,8
	2

	4
	2
	0,1,2,3
	1
	4
	2
	0,1,2,3,6,7,8
	2

	5
	3
	0,2
	1
	5
	2
	0,1,2,3,6,7,8,9
	2

	6
	3
	1,3
	1
	6-63
	Reserved
	Reserved
	Reserved

	7
	3
	0,1,2
	1
	
	
	
	

	8
	3
	3,4,5
	1
	
	
	
	

	9
	3
	0,1,2,3
	1
	
	
	
	

	10
	2
	0,2
	2
	
	
	
	

	11
	2
	1,3
	2
	
	
	
	

	12
	2
	6,8
	2
	
	
	
	

	13
	2
	7,9
	2
	
	
	
	

	14
	2
	0,1,2
	2
	
	
	
	

	15
	2
	3,6,8
	2
	
	
	
	

	16
	2
	0,1,2,3
	2
	
	
	
	

	17
	2
	6,7,8,9
	2
	
	
	
	

	18
	3
	0,2
	2
	
	
	
	

	19
	3
	1,3
	2
	
	
	
	

	20
	3
	6,8
	2
	
	
	
	

	21
	3
	7,9
	2
	
	
	
	

	22
	3
	0,1,2
	2
	
	
	
	

	23
	3
	3,4,5
	2
	
	
	
	

	24
	3
	6,7,8
	2
	
	
	
	

	25
	3
	9,10,11
	2
	
	
	
	

	26
	3
	0,1,2,3
	2
	
	
	
	

	27
	3
	6,7,8,9
	2
	
	
	
	

	28-63
	Reserved
	Reserved
	Reserved
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